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NR Lthough the Knowledge and Prattice of 
©y the Art of Navigation be of late Year 
; grown toa far pom perfefion than it 
can'appear to' have had io 'any' former 
SS Age; and by that *means the World, 
and all the parts thereof, have been further dilcover- 
ed, yea, failed round' abour ; the Traffickand Enter- 
courſe of ſeveral Nations; bow Tertinte foever, facilf- 
tated'; and{(which,' asT conceive, is of moſt itnpot- 
tance, ſeertiing ks yet to be'the principal {cg the 
Divine Providence in diſcovering theſe fles) 
the light of the :glorious Goſpel of Chriſt, be the 

mighty power of God unto ſalyatjon, isextended 
thoſe filly captives of: Satarr ih America; by uleats of 
thoſe many Planratioris we hdveamongſt” they; which 
Plantations ('even”'from their firſt breathing )' have 
received no fmall furtherance from your Noble favour 
and bounty, as'I know-by-my own expttience'in that 
where ſometimes 1 was, and have. underſtood no leſs 
by: others1 In the reſt. 


AWD)! Yet 


The Epi licatory Se, 


Yet $00KHAGAIRS: biel and daily 
——_ of *n = of - ar rei it (till requigs 


ſim _ i. the prict 
thefeof :& Ae 5 co rhe n ik  kodwledde of 
Latitudes, Courſes and Diſtances; the way of finding 


diſtances at Sea, namely , by the Zog and Line, is 
rather opintonative and .conjetaral, than_certain ; 
being grounded upon this ſuppofition, that the Com- 
paſs of the Worldin any_great Circteis 2 1600 Italian 
Miles (as they call them) and that ſuch an 7talian Mile 
contains 1000 Paces, and every of thoſePaces 5 £n-. 
g(iſh Feet 5, and acording, to theſe meaſures they divide 
their, Log-live, and. keep their account of the Ships 

We at fo, 
Ng th Fr. by an, Experiment whighT made 
year, fihce, found more.nearly the, Compalsof the 
Ext 1, and the quantity of 'a Degr. on the ſamein onr 
known ealurgs and applied. it to.uſe in Navigation, 
2 Ba bs ching e following , 20d, fprtber added ſome 
NG go s Leanceiger, to be wanting in the 


POR t: have preſumed to prelent it to 
your er As. wel becauſe by your knowledge in 
Neon, ap the experience. you have had in your 
ATI PEER at, 9ga,. y0u-2r6 Well able to 


NAG being canfident that according to 
your ES (po. tion. 1,Fqu, Yell, favourably accept 
He oh ot REES of. it ſelf noworthy. The 
moſt high God, Vi Bleſled and Glorious, multiply 


upto your. Honour, all hjs.Bleflings in; Chrilt Jeſus, 


[ 
k 


2] on 20073196 Pour How inal ide obſervance, 
RICHARD NOR WOOD. 


SSARSSHASSSSS< $065 
Tothe READER, 


He Circuit of the Earth and Sea { as the Circumference of every 
Circle) comains 360 degr. by which degr, the diſtances thereon 
are meaſured, ſo that the knowleage of the quantity of ſuch a- 
degr is our kwown meaſures, is a fundamental Princitle in 
Coſmography aud Navigation, as fon which i grounded the 

reckoning of the Ships way, 07 diftance run, For though a Mariner being i# his 

Foyage 0#- the vaſt Ocean , bath ſometimes three things 20 certifie him where 

he ts , and bow to ſhape his Courſe 10 has defired Port , mamely , his Latitude, 

Courſe, and Diftance ,, aud ſometimes. fourth.,, namely, ſome near conje= 

Bure of bis Longitude by the Variation, or otherwiſe ; yet oftentimes ( as 

in cloſe weather ) he hath nothing but his Courſe and Diftance ; other. 

whiles only bus Latitude and Diſtance ts bus chief guide in falling with bus 

intended Port, I know it is uſual ro allow near 7 Fathoms or 4r7 Feet 10 

a Knot ,. and ſo mary of theſe Knots a5 ruw out in half a Minute . ſo many 

Ailes they account the Ships <vay to be in aun hour, And if in half a miv, 
ſhe run 415 Felt, then in 60 min, or an. hour , ſhe runs 5000 Feet; and 
2b they acconmt-.5000 Engliſh Feet , ox.1000 Paces robea Mile , and 60 
of thoſe Miles 16 be a degr. ſuch as the whole Circumference in any great 

Circle is 460, But bow & this known to be trae ? If it be anſwered , that it 

i knows 10 be ſo by Experience ; then 1<vould know further ty what Ex- 
iment this 2245 found'to be ſo> Where , aud by whom made? I jreſ« this ſo 

much therath:+\, becauſe 1 am perſwaded Te have at thi day as n.any ex- 

cellewt Navigitors in this Kingdom , and as great Voyapes performed , as from 
auy orher- flace in the World ;, and 1 fkonld be glad 10 hear of the experimen- 
tal reſolution of this Problem Ly ſome of them, though it were but in running + 
$ or 1o degr. near the Meridian : for ſo I dowbt tor bat that which I have 
here wrinten thercof , would receive further confirmation , ' and better - 
eotertainnens , than hatpily it will now , being.ſo much diffexent from the 
common opinion,” andthe 4rts of Navigation aud Coſmography, would + 
br agrich more perfeied* in ſhort time. For one Errone ( 45a frunful AMo- 
ther ) 55 of temtimes the caſe of wore, and ſo ihe yeniovirig of ove un the 
orcaſion of remeviuvg others , eſpecially ayben they do mutually ſutforr one 
another : 4s we ſhall hae ſpew bow the Error in the projeition and uſe. 
of the common Sea Chart, « ſuftorted by this Errour of -acconmiing on!y -- 
3oo000 of wr fect 38 @ degr, and his in like ſort upheld bythax , ſo thas 
they will awd or fall together. And ſurely that had fallen long Pnce , be= 
ng. [0 maniſeſily convinced, if it had mot been upheld by this, For the 
confuring - : 


'To the Reader. 


confuting of that ( 1 mean the 'commoen Sea- Chart) ira: ſufficient to kaow 
that the Earth and Sea make one Spherical Body, but in diſtroving and ref. 
fſymg this, it is neceſſary to know 1.0reover what is the quantity of that Sphe- 


rical Body : 4nd to that end, it Wa: neceſſary to make a jenſible a!plication of 


our known Meaſures 10 a determined part of the whole, that fo the quantity 
of that determived fart being known, aud the propcrtion thereof tothe whole , 
the quantity of the whole might alſo be diſcovered, And this I have endeauou- 
red 11 the Experiment following, which if I have wot handled jo exatly in 
a# points as ſonie would deſire ( that requiring moie time and chargethan [ 
could well beffow + yet I doubt mot but 1t will be found that 1 have cone very 
near the Truth, Some bappily will cenſure me for being my (elf at the ex. 
fewce 10 make ſnch a experiment ; But 1 was as frugal in 1 a5I could, ad- 
ding pains and induft;y to ſave-exfence; Tcame up in 10 07-11 days, and had 
o1her neceſſary occaſions tv lead me f;om the one place to the other, aud did this 
as a thing falling opt 6;/tunely im n:y way : Bnt iutleed ( as in all ther pats 
of. Learning ) [0 in the Mathematicks, eſtecially iz 1heir afplication, or mid- 
ale Mathematicks ( as ſome call them ) it is weceſiary , with Sfeculation'to 
joqn atual and experimental Pradlices;, the former being empty aud ance - 
tain without theſe, Itis true, that the Mathematicks afferd large Fields of 
delightful Speculations, wherein @ man might walk far with much pleaſtere: 
Eut if from ſo many fair Flowers, he bring home no Honey, or from ſuch 
large Fields uo Sheaves;, Imean, if he bring wot thoſe Speculations 10 ſome 
nfeful Praftices, menher himſelf wor others are like to receiue much. frunu 
them. But this indeed cannot be efſetted without more labour aud difficulty ; 
Jet ſometimes it requires Mechanical and Bodily exerciſes , 'which ſame efteem 
tc0 mean and autworthy to too) unto, But for mine own part, I acknowledge 
to have had niy living and maintenance by the Mathematicks, and. not by Spe 
culation only, but rather by my prattice therein ; and therefore alſo I defire 
' what in me lies) 10 make them fruitful to my ſeif and others; and to that 
end have ſpent in ſojne ;rincipal jarts of the Mathematicks, mear as muth 
tine and means In expcriviental Praltices awd Couc 'ufious, as in the Specula-: 
tou; Moreover, conſidering that this particular expertniewt was protoſed above 
Zo years fince,by our Countieyman Mr, Edward Wright, ro 19avite ſome to the 
trial of it, as a thiug which he would have done himſelf, if he had found 
ſuch furtherance and opportunity as he deſired , which ut ſeems he did wt, 
207 any other fince that time. Rather than Jo nobje and ſo neceſſary a Pro- 
blum ſhonld longer reſt unreſoived, [4c0k the o;portunity offered , hoping it 
may be an ves 4 to whet on [one others 10 ds the like, This, with ſame other 
things which I conceived ts be wanting in the praitice of Navigation, I have 
hanaled in this enſuing Treatiſe, which1 commend to. your friendly accettance, 
Farewel. 6 
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Practice. 


CHAP. I. 


The common Opinion tonmching the Compaſs of the Earth , 


and quantity of a Degree of the - ſame. 


=> T is a common received Opinion in England 
(and the like is in other places) that allowing 


1000 of thoſe Paces make an 7ralian Mile, 
L and 60 of thoſe miles in any great Circle up- 
on the Spherical Surtace of the Earth or Sea, 


2248 make a Degree ; and thos it is ſuppoſed, thar. 


is a Deg. contains 60 miles, 'or 60060 Paces, 
or 3 00000 of our Fngli/» Feer, and by ſuch miles do Matiners-in- 
their Voyages by Sea keep th-ir Reckonings : And becauſe the 
whole Circumference of a Circle is 360 Deg. thereforethe com-. 
paſs of the Earth,according to this Opinion,ſhould be 2.1 600 ſuch 
halian Miles, or 21600000 Paces, or 108000900 of our En- 


liſh Feet, Whence this Opinien came, or upon. what Experiment 


it ſhould be grounded, Þ cannot certainly ſay ; Ir may ſeem to be. 


ickclacl Þ hckch ?clckelct batch 


5 of our Engliſh Feet to a Geometrical Pace, 


» 


taken, or rather miſtaken from. Pro/ewzy,, who ſaith, there. . 
als... 


- « # 
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are 500 Stadinms in a Degree, the ſame was before afh:med by, 
Aartinns T yrizs, of whom Ptolorny ſpeaking in the 11" Chap. 
of his firſt Book of Geography, hath theſe words, Sed in hoc 
quoque retfe ſentit partes unum qualium eft circulus maximns tri- 
. Centrum ſexapinta, quingenta ia terra conſtituere Staflia; id exim 
confeſſis dimenſwonibus conſorum exiſtit. Nowa Stadinm not only 
amongſt the Greeks, bur as .appearsby Herodotus, amongſt all 
other Nations of «A ia, and i «4g conlilt of 600 Feet, or 
100 Orgyas, an Qrgy4 coftaifin Feet or 4/Cbits, as our Fa- 
- thom doth, the fame alſgis heed by Shoe and others : {9 
that 2 deg. containing 5 09 Stages, and every. Stadium 609 
Feet, it tollows that a deg. muſt contain 300000 Feet, exatly 
agrecing in number with che common received opinion in Exs- 
land, which therefore may ſeem to be hence derived, and would 
alſo receive much confirmation hereby(he being an Author of ſuch 
approved credit ) it it could be approved that our Ezg/:/h Feet 
were exaftly equal to the Egyptian or Alexandrian Foot, where 
Prolomy wrote, Otherwiſe that being true, that ſo. many of their 
Feet make a aeg. it will follow, that if ours be greater, there be 
tewer of them contained ina deg, if Ikfler (as undoubtedly they 
are) there muſt-be more'oi them contained in a deg. 

Philander in his Commentary. upon the third Ch. of the third 
Book of Viruvins, bath exprefled the quantity of the ancient 
Roman Foot, where {by a competent allowance for the ſhrinking 
of the Payer being printed wet) it may probably be gathered that 
it was ſomething longer ihan our Exg/s/5 Foot. But the Alexan- 
drian and Egyptian Foot was much greater;z for according to He- 

- romechanicia,, 5 Alexandrian Feer were equal-to- 6 Reman Feet.z 
ſceing then the ancient Rowan Foot was ſomething greater than 
ours, the Alexazarian muſt needs þe much greater than ours. So 
that whereas Prolomy faith there are: 5 00 Stadiums in a Negree, 
and as we have ſhewed a Stadium did conliſt of 600. Feet, Nick 
being-Zgyprian or Alexandrianieet, as it is moſt probabie, being 
the phace where Ptoemy lived, there muſt be a far greater num- 
ber of aur Feet in a Stadium, and ſo ina Degree ; whence it is 

. evident that there is no ſufficient footing for this common opinion 

n the aſlertion of Prolemy. Neither 
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Neither doth the Practice and Experience of Marriners in thefr 
Voyages at Sea prove it; for there is no reckoning or experi- 
ment at Sea ſet down by any ( that I have ſeen) to conbrm it. 
And though it be true, that in failing between two places that 
lye near to one and the ſame Paralle| , they ground their reckon= 
ing chiefly upon this ſuppoſition, that 3 00008 of our Exglih 
Feet make a Degree, yet can they ſeldom or never by thoſe 
reckonings diſcern the Errour, the rather for that they have 
been, and for the-mott part are ſtil] kept upon the Plain or Com- 
mon Sea-Chart, which makes a Degree in any Parallel equal to 
a Degree in the EquinoQial, and ſo makes a Degree in any 
Paralle] to contain 3o0000s Feet: And it is true, that in 
ſome Parallel a Degree doth contain only 3 00000 of our En- 

l;ſp Feet z namely , about that Parallel which is in Latitude 35 
Degrees ( as we ſhall further ſhew hereafter ) near unts which 
have the principal of our Eaſtern and Weſtern Voyages been 
made. And thus, though this opinion of 300000 Feet in a 
Degree, and the ProjeRtion of the Common Chart be both erro- 
nious ; yet becauſe the-errour of the one doth ſomething ſalve 
the other, they conld not be. ſo calily diſcerned by Experience 
only. x 

"This opinion of 300000 Engliſh Feet to a Degree, may 
ſcem alſo to be ſomething confirmed by an obſervation made by 
our Countrey-man Maſter Edward Wright, upon Mount Eqge- 
comb near Plimouth , of the Semidiameter of the Earth , which 
he hath ct dowa in his Book, Of the Correion of Erronrs in 
Navigation, Chaprer 15. where he finds the Semidiameter to 
be 18312621 of our Engli/bFeet , whence it may be gathered , 
that in a Degree of a great Circle of the Earth, there ſhould 
not be full out 32 0000 of our Feet z but the way by him then 
uſed , thaugh it was very fit for the end whereunto he there ap- 
plies itz namely , to find the dipping or depreſſion of the appa- 
rent Horizon beneath the true, — to the heighth of 
the Eye above the Water , yet will it ealily be granted to be 


no exaRt way for finding the Semidiameter, and conſequently 
bane 
on 


the Circumference of the Earth, = the Quantity of a 
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on the ſame and ſo he ſayes there, that he nſed that way , be- 
cauſe he wanted opportunity to- put in praRtice a more exact 
way. Wherefore for the further ſattsfa&tion of my (elf and others 
in this Point, and chiefly for the nece(iary uſe it hath in the Pra- 
Rice of Navigation, I have made the experiment following , 
that ſo the quantity of a Degree , and of the whole Compaſs of 
the Earth, might at lea(ſt-wiſe be nearly known in our Engli/h 
Mealures. | 


An Experiment made for finding the quantity of a Deg. 
and ſo the Circumference of the Earth and Sea in our 
known 1tcaſures, | 


Aving occation to be in the City of Dork, about the be- 

ij ginnirg of /uxe, Anio 1Q3 5. | made there ſeveral Ob- 

lervations of the Meridian Altitude of the Sun, the 

laſt of which was made the 11 day of 7xxe, the Skie 

was every of thoſe diys ſomething overcaſt at Noon, yet not ſo 

much bur that an Obſervation might be made to near a (cantling : 

And becauſe the laft of thoſe Obfervations 'is moſt fit for the 

preſent accation, and that -Day was x5 clear as any of the other, 
we will here eſpecially make afe of that, being as followeth. 

Upon the 11 of Jane 1535. I made an Obſervation near the 
middle of the City of York, of the Meridian Altitude of the 
Sun,by an Arch of a Sextane of more than 5- Foot Semidiameter , 
and found the apparent Altitade of the Sun'that Day'z: Noon 
to be 59 dep. 33 min. - 05 et. 

I had alſo tormerly uponthe -1 x Day of Juve, Ammo 1633: 
obſerved in the City of L o:don, , near the Tower , the apparent 
Meridian Aititude of tae Sun, and found the: ſamc to be 62 gep. 
1 Pong JIE. 47 5 | 3 

q And 


ET Mk: tas one 
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an 
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And ſeeing the Suns Deciination upon the 11 Day of fare 
1635, and upon the 6th Day of 7xne 1633 , was one and the 
ſame,without any ſencible Difference ;; and becaulſ: theſe Altitudes 
d:tizr but little , we ſhall not need to make any alteration or al- 
lowance ,, in reipect of Declination, Refra&ion, or Parallax ; 
Wherefore Subſtrating the lefſer apparent Altitude, natnely, 
59 degr, 43 min. from the greater 62 degr. 1 min. there remains 
2 degr. 25 min. Which is the Difference of Latitude of theſe two | 
Cities , namely of Londen and York. 

Alſo by the atoreilaid Obſervation made in York , it appears, 
that the latitude of that City , is 53 Degrees, 58 Minntes al- 
molt. | 

But to our purpoſe; Coming at that time from thence to 
London, I further found by Meaſure, that the Farallel of York , 
is from the Parallel of Loydon, 9149 Chains , every Chiin be- 
ing 6 Poles , andevery Pole 16% of our Eng//> Feet ; that 15 
every Chain 99 Feet. (After what manner I found this to be 
ſo, we ſhall turther expreſs hereatter :) But thus, as I ſay, 1 
found that Zork 1s more Northerly than London by .9149 
Chains:; And before we have noted that theſe two places differ 
in Latitude 2 Degrees 28 Minutes : therefore it follows , that 2 
Degrees 28 Minutes of the Meridian of the Earth and Sea, is 
equal to 9i49 Chains, And it accordingly we would know 
how many of theſe Chains are contained in 1- Degree, we may 
find that by the Rule of Proportion, firſt reducing the Degrees 
into Minutes, and then fay, 


If thedifference of Laticude 148 cv. ar. 7.82974 
give ſuch- a numbcr of Chains, 9149 3.96137 
Then x Degree, that is ' 60 ' 1.77815 


gives of ſuch Chains - 3709 3.56926 
and ſomewhat more , namely, 5 Feet, which reduced into Feet 
make. 267196z thatis, 367200 Feet in a Degree, lacking 4 
Feet, which here we regard not. 


B 2 thus 
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Thus then, according to this Experiment , it is evident, thar 
one Degree of a great Circle meaſured on the Earth is near 
357200 Feer, which in our Poles of 16+ Feet, is 22254 Poles, 
and about one half, and theſe reduced into Furlongs , at 40 
Poles to the Furlong , make 556 Furlongs and 14 Poles: and 
laſtly, theſe reduced into our Zxg14/s Miles, of 8 Purlongs to a 
Mile, make69 Miles, and 4 Furlongs 14 Poles, that is 69+ 
Miles and 14 Poles in a Degree, 

And hence , according to the moſt approved Hypetheſis of the 
Sphericity of this Terreſtrial Globe , we may find the Compaſs 
of it as followeth. Bur firſt, you may Note that we ſpeak not 
here of the Compaſs of the Earth in any Parallel, or leffer Circle 
deſcribed upon any [ide thereof, that being various ( according 
tO ibe different diſtance of thoſe Circles from their Poles) but of 
the 'Compaſs taken in the middle -or greateſt thickneſs of the 
Globe; namely, inany great Circle, ſuch as divide the whole 
Globe into two equal paris, of which kind are the EquineoRial 
and all Meridians, Cc. this being properly the Perimeter or 
Compaſs; of a Spherical Body. 

Now ſeeing a Degree is the 360 part of the Circumference 
of a Circle { for any Circumference being divided aQually or 
by ſuppolition into 360 equal parts, thoſe parts are called De- 
grees) if we can find how many Feet, Paces, Miles, or other 
known meaſures are contained in one of thoſe Degrees, then ſhall 
we ealtly conclude how many of the fame known meaſures are 
contained in the whole Circumferenee : But by.the former Expe- 


riment we find, that in one deg. of a great Circle on the Spherical 


Superficies of the Earth there is contained 367 200 Feet , there- 
fore it is evident that 360 times 367200 Feet is the Compals of 
the whole, wherefore multiplying 367200 by 360, the Pro- 
duR is 1 32192000 Feet, which reduced into Poles is 8011636; 
and theſe reduced into Furlongs, are 200290 Furlongs 36 
Poles : and laſtly, theſe reduced into Miles, are 25036 Englih 
_ , and ſomewhat more, for the Circuit of the Earth and 
"pf | 


2 
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If further we deſire the Diameter and Semidiameter of- the 
Earth: Foraſmuch as it is proved by Archimedes , that the 
proportion of the Circumference of a Circle is to the Diameter 
thereof, almoſt as 22 to 7: Therefore by the Rule of Pro- 
portion, as 23 to 7, ſo is the Circumference of the Earth to 
the Diameter thereof; So that multiplying the Circumference 
of the Earth, namely, 132192000 Feetby 9, and dividing 
the ProduR; namely, 925 344000 by 22 the Quotient, namely, 
42061090 is the Diameter of the Earth in Feet, the halt whereof, 
namely, 21030545 Feet is the Semidiameter of the ſame, being 
2T willions of Feer, and ſomewhat more: theſe reduced into 
Engliſh Miles , as before we did the Circumterence ,-ſhew the 
Diameter of the Earth to be 7966 Miles,and ſomewhat more, and 
the Semidiameter 3983. And thus we have the Circumference , 
Diameter and Semidiameter of the Earth, as alſo the Quantity 
of a Degree of the ſame Circumference in known meaſures of 
Feet, Furlongs, and Mites, &c. There are only two things here, 
which may ſeem doubtful ; namely ; the Experiment it {elf , and 
Lie Hypotheſis of the Sphericity of this Terreſtrial Globe, conliſt- 
ing of the Earth and Sea, for theſe being admitted, the meaſures 
thence reduced as before, will neceſſarily follow. 

Now touching the Experiment z I confeſs, that to have made 
it ſo exaRtly as were requilite, and inall Points, ſo as I ſhall 
ſhew in the Chapter following , would have required much 
more time and expence than mine ability would reach unto ; Yer- 
having made obſervation at Nork, as aforeſaid, | meaſured (for 
the moſt part ) the way from thence to London ; and where I 
meaſured not, I paced , (wherein through Cuſtom 1 uſually come 
very near-the truth ). obſerving all the way as I came, with a 
Circumferentor all the principal Angles of: Poſition or Windings 
of the way (. with convenient allowance for other leſſer Wind- 
ings, Aſcents and Deſcents, ) and theſe 1 laid not down by a Pre- 
rraQor after the uſual manner, but framed a Table much more 
exa& and fit for this puzpoſe , as we ſhall hereafter ſhew ; ſo thas 
L may affrm the expericaent to be near the truth. 


Touching. 
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Touching the Hypotheſis , that the Earth and Sea make one 
Spherical or round Body , it is generally agrecd upon by all the 
principal Philoſophers, - Aſtronomers, Geographers, and Navi- 
gators, Ancient ard Modern : Some reaſons demonſtrauve,ter the 
confirmation thereof, may be thele. , 

Firſt, the Eclipſes, eſpeciaily of the Moon, which are cauſed 
by the thadow ot the Body of the Earth, being interpoſed be- 
tween the Sun and the Moon; and foraſmuch as this ſhadow doth 
fall upon the Moon, alwayes and upon every (ide Circular, and 
ſo appears to us, it is manifeſt by the Opticks, that the Earth 
from whence it proceeds is a Spherical Body. 

Secondly, Likewiſe the Eclipſes of the Sun, which are cauſed 
by the interpoſition of the Moon: between the Sun, and thoſe 
places where it appears Eclipſed , I fay, it could not be deter- 
mined when, and in what place iuch an Eclipſe thould appear , 
and wherenor, if the form of the Earth were not known : bat 
ſeeing the places where ſuch Eclipſes happen, and where not, 
may be, and are uſually determined and that upon this Ground, 
that the Surface of the Earth is Spherical, it is thence alfo rati- 
{tyed tobe a truth. 

Thirdly , ihe Sun , Moon, and Stars do riſe and ſet, and are 
upon the Meridian ſooner to thoſe that are relident in the Eaſtern 
parts, than to others more Weſterly, and that in a proportion 
anſwerable to the roundneſs of the Earth, as the Planets and 
Stars are upon our Meridian at Zonden ſooner by almoſt 4 houss, 
than they are to thoſe that Inhabit Summer 1Nanas, and the con- 
fines of Firgima and New Englind: And ſo in Eaft-India, 
and other Eaſtern Regions, the Sun and Stars are ſooner upon 
their Meridian than upon ours; which is maniteſt to be ſo, as 
by other reaſons, ſo eſpecially by the Eclipſes of the Moon : 
for an Eclipſe of the Moon hath not in it felt any diverlity of 
time, being at one and the ſame inftant without reſpe& of places, 
yet becauſe in the .Eaftern parts the Day is begun, and it may 
be far ſpent before it begin in places tat Weiterly , therefore 
ſuch an Eclipſe may appear to the Eaſtern Inhabitants towards 
the end of their Night, which tothe Weſtern appears in the be- 
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gining or middle of the ſame Night with them, and ſo the dif- 
erence will be more or leſs, according to the ditferent diſtance 
of thoſe places in Longitude, . 
Fourthly, Furthermore we ſee, that going or Sailing to the 
Northwards, We have the Artick Pole and Southern Stars more 
elevated, and the Antartick Pole and Southern Stars more de- 
prefſed, the Elevaiion Northerly increaling equally with the 
depreſſion Southerly, and either of them proportional to the 
Diſtances which we go: The like happeneth in going to the South- 
wards. Bclides the Oblique Aſcenſtons, Deicenſions, Occulta- 
tions, Emertions, and A mplitudes of Riling and Setting of the 
dun and Stars, in every ſeveral Latitude ,” agreeable to the Hy- 
potheſir of the Earth's Sphericity ; All which could not be ſo, 
1t the Earth were of any other than of a Spherical torm, 
Fitthly, So if we ſtand upon the Sea-(hore , and ſee a Ship 
far off under Sail, making towards the Land, at firſt we ſce only 
the Top- Sails or higheſt parts , and withai: do manifelt!y bzho'd 
the Convex Superficies of the Sea, as It were raiſed and interpo- 
ling her ſelf berween our fight and the Hull, or lower parts of 
the Ship, till the approacherh nearer , and this unitormly , every 
wayes alike,and proportionably to the ſeveral Diſtances z which 
doth evidencly demonſtrate the Spherical roundnelſs thereof. 
Sixthly, And laſtly, ( to 24d no more) the Navigations of 
theſe later times make ir apparent, thole eſpcially char have been 
made round about the World, as thoſe two Voyages by our 
famovs Country-men Sir Francis Drake, and Mr. Thomas Can- 
diſh, both which ſeveraily Sailing trom our Coaſts to the Weſ?- 
Tadies , and paſling the Sireights of AMagelane, continued their 
Cou: ſe Weſterly, till they came into theſe parts, which are from 
us to the Eaſtwards , namely, to the Eaft- nates, and ſo Sailed 
ſtil] Weſterly till they came to Care bon Eſperance, and thence 
returned into Erg/and - Having Sailed about the whole Terre- 
ſtrial Globe,they tound nothing by their obſervations or Reckon- 
ings diſſonant from the uniform Sphericity thereof in all its parts, 
That they came ſhort in the number of Days, one, or reckoned 


thotime of their abſcgce leſs by one Day and a Night than on 
Bak | WHIC: 
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which remained at home , this further confirms the thing in hand. 

Yet whilſt we ſpeak here of the Roundneſs of the Earth and 
Sea, we intend it nor ſo ſtrictly as if itwere a thing turned round 
wichourt any inequality to its Superficies : But as a Bowl or-Ball , 
though it have ſome duſt or ſmall grains of Sand cleaving thereto, 
may {til] be ſaid to be round : So, though the Land, Hills, and 
Mountains be ſomewhat raiſed above the Spherical Superficies 


of the Sea; and if there ſhould be alſo ſome Valleys or Botroms: 


more deprefled ; yet ſeeing the greateſt of theſe inequalities have 
ſcarce any ſenſible proportion of the whole, we may well affirm 
the whole to be round. þ 

The Relations made of the Prodigious height of ſome Moun- 
tains, -as to be 60 or 70 Miles high, if it be underſtoed of their 
perpendicular or dire& height , are fabulous ; the Mount Az/as 
Recorded by ſome of the Ancients,' to reach up almoſt tothe 
Moon, and to be as it were a Pillar for the Heavens to reſt upon, 
being meaſured Geometrically by Zratefthenes, the perpendicy- 
lar or upright height from the top thereof to the Valleys be- 
neath, was found not to exceed 10 Stadinrms, Which of our 
Engli/h meaſures is li:tle more thana Mile and a quarter,a Stag;um 
nor much differing from our -Furlong., and the like might be 
ſhewed of others. 

But if we admit the higheſt Mountain to riſe perpendicularly 
above the Spherical Superficies of the Sea 2 Miles , yet ſeeing the 
Diameter or whole thickneſs of the Earth, is, as we have before 
ſhewed, 7966 Miles, this exorbitancy or diflerence of 2 Miles is 
of ſmall moment, yea, if there were any Mountain 8 Miles in 
height upright , yet this compared with the whole thickneſs of 
the Earth, 1s little more than one thouſand part thereof, therefore 
we may conctude., that this Terref#r3a/ Globe, conliſting of the 
Earth and Sea, is Spherical, We come in the next place to 
ſhew by what way of meaſuring we found the Parallel of York, 
to be diſtant from the Parallel of Lengon, 9149 Chains. And fo 
how the Diſtance of the Parallel of two Places may be cxaRly 
meaſured. | ; : 


CHAP, III. 
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CHAP, 111, 
A moſh exatt way for finding the quantity of the Dia 


wieter and Circumference of the Earth and Sea, and © 
of 4 Degree oz the ſame, 


Do the more fully ſet down the way of making this Expe- 
rimenr, that ſol may give occa(ion to afiy who are ſo Nobly 
minded for a Publick good , as to be at that Charge to make 
a further and more exa& tryal thereof. ' Now then, the beſt 

and perfeRteſt way is, to obſerve ſo exactly as may be the Sum- 
mer Solſtitsal Altitudes of the Sun at two places, ſo far di(tant 
aſunder , and lying ſo near North and South each from other, 
with ſo direct and fair a way betwixt them, as conveniently may 
be choſen : Suppoſe for Example , Chrift-Church and Berwick , 
or ſome other place in the furtheſt parts of Scot/and , for the 
further theſe two places are each from other, the more perfe&ly 
may this bulineſs be performed. Then meaſure as truly as is 
polſible, and fer downiin a Book, all the way between thoſe two 
places , with all the Windings, Aſcents and deſcents that are 
therein, whereby with the help of the enſving Table, you may 
ealily and exaQly find how much the one place is more Southerly 
than the other. For this purpoſe the Plain Table is not the fitteſt 
Inſtrument , or rather a Theogolite or Perattoy, or ſome other 
of that kind, obſerving di:igently the Variation of the Needle. 
The Chain may be 6 Poles long, or-rather a 190 Feet, and the 
Table fitted accordingly ( but the Table following is for Poles ) 
if it ſhould be much longer, it won!d be tos heavy. V 
The High-ways are commonly crooked ; yet becauſe of ſun- 
dry ebſtacles and impediments which are incident out of the way, 
and becanſe a manjcannot certainly at firſt diref himſelf the hea. 
reſt and beſt way to the place intended , it would be expedicnt to 
meaſure the Diſtance as aforeſaid ; Firſt, in the High-ways 
leading 
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teading from the oneto the other, and then inthe neareſt and beſt 
way that could be choſen between them z; and ſo if any notable 
Errour happen in the one, it may be diſcovered and amended in 
the other. The form which 1 obſerved in ſetting down the 
meaſures and Angles, was according to this Example. 
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It is to be underſtood, that the Table here following was 
before Calculated to ſerve inſtead of a ProtraFor, for a Circum- 
ferentoy , or other Graduated Inſtrument, and for a Chain of 3 
Poles, which forthe moſt part I uſe; yet it may very well be 
applyed to a Chain of 6 Poles , (as in this bufireſs it was) rec- 
koning every Chain to be two, &c. And thus for every ten 


Chains of fix Poles to a Chain, I make two Strokes, ſignifying 


to Changes or 20 Chains; and if there be any odd Chains , 
for thoſe I ſer a Figure in another Line next below; and if 


moreover any odd Poles, whether one or or two, for thoſe [ ſet. 


another Figure in the third Line below, 
Thus the laſt entrance before-going , being S E of degr. 


iti (ignifics that the Line upon which I went, was. 
5 
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from the South part of the 'Meridian to the Eaſt-wards, making 
an Angle with the Meridian of 5 degr. the 9 Sirokes fige 
nite g Changes, or go Chains ; the Figure 5 lignifieth 5 Chains, 
and the Pigure 2 two Poles. 50 that it isto be read thus, South- 
Eaſterly 5 D-grees , 9 Changes, 5 Chains, and 2 Poles, and 
the like i3 to be underſtood of the reſt. But for the moſt part 
having liberty of Ground, I end the meaſure of every Line, 
either with a whole number of Changes, or at leaſt of Chains. 
Ard thus proceeding all Day, towards the Evening, or when 
elſe I have time convenient , I reduce all theſe Diſtances, upon 
what Lines or angles ſoever they be, to Diſtances of North or 


South, Eaſt or Weſt, as here appears. 


Deg. _ Diſtance. [< or th. | South. | _Eaſt. Weſt. | 
| 5 X77 345 
SE 31 HtH=— 
[250 2819] 1026 
SE 2 0) HHH 1692] 616 
"THI O169 062 
SE 5 —2922] 673 
. O 
SE 13TH _ is O52 
SW 02 HtH—c- —_ = 
S B 9 tHtHHD> 0020] o02 
Fr 2_ | al 
Chains, 571 16287 4578 O52 
2 O 32 ; 
\ Poles. | I715 | 16285] 4525 LD 


We will explain the laſt, and fo the reſt may eaſily be under- 
Roodyz S E 5 deg. —5 
the numbers taken out of the Table muſt be put in the Columns 


entituled South and Eaſt. Then in-the Table nnder 5 deg. 1 look 
y 3 C 2 


5. 2. Here becauſe I have S.E. 


for 
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for 9 Changes, and find againſt it 26go, and inthe adjacent Co- 
lymn under the Complement thereof 235, and becauſeSEs5 
degy. is leſs than 45 degy. that is, nearer to the South-than to the 
Eaſt, I put in the Column entituled South 2690, and in that 
entituled Eaſt 235 , ther-again in the ſame Tabalar Column un- 
der 5 degr..I find: againſt -5 Chains (cutting off a Figure , becauſe 
5 Chains is but the centh parc of 5 Changes) 149. ts be putin 
the South Column, and 13 for the Exſt Column. 
_ Laſtly, Againſt'2 Poles | 6nd for the South Column 2 o, and 
for the Eaſt 2 , and ihe like is to be underſtood ot all thereſt. 
Now ſuppoling this laſt to be a Piace, whoſe Diſtance and 
Situation from the firſt is required; I ſum up the Colmmns 
ſeverally, and of the North and South Colnmns Subtract the 
| befer from the greater, and ſo of the Eaſt and Weſt Columns,and 


ſo it will appear how much North or South:, and how much Eaſt. 


or Weſt the laſt place is from the firſt, 

As in this Example, we find the laſt place-to b2 the South- 
wards of the firſt 1628 Poles, tor the laſt Figure may be cur off, 
being uſed in the Table, only tor the more exanelſs, or may be 
made a FraQion, and ſo it is 1628 7& Poles, Likewiſe, the laſt 
place is to the Eaſtwards of the firſt 452 7 5 Poles and thus [ 
proceed all. the way. 

Now touching the Angles of Aſcent and Deſcent of Hills and 
Valleys, to have obferved them exactly , would have required 
more Time and Charge than I could ef, my ſelf beſtow; yet I made 
allowance for ſuch ef them as were of 'm9oft moment; He that 
would obſerve them all, may either wake 2 or 3 Colamns more, 
or keep an account of them apart by themſelves. Bur-if he in- 


rend no further uſe of them, but to find the neareſt diſtance, 


he need not ſet them down , but make allowapce for thera: on the 
Ground, keeping his Diſtance intire without FraQtions. 

As, admit I obſerve the Aſcent from a Valley to the brow of 
a. Hill ts be 14 degy. above the Level or Horizontal Line, and 
that meaſuring, I find the Diſtance.to be 30 Poles, I turnto the- 
Table, and under 14 degr. and againſt i o Chains, I find 2911, 
and. 726 , ſhewing that the Level or Horizontal Diltance-from- 
my 
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my Station, to that Brow, is only' 29 35% Poles, and that the 
height of that Brow above the Level Line, is 7 52% Poles : Bac 
finding thus that the Hypothenn/al being 30, the Baſe or Level 
Line i; bat 39 754, that is leſs by 753, becauſe I would avoid this 
FraQion, I add to the end of the toreſaid meaſure of 4 o Poles 
upen a Level Line, >£2 of a Pole, and then 1 may account my 
ſelf diſtant from the place in the Valley vihere | made Obſerva- 
tion, 30Poles ina Level or Horizontal Line, and ſo ſer down the 
Diſtance withaut a Fraction ; the like.is to be underſtood of all” 
other Aſcents and D-ſcents.. 
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The StruQture of this Table is from this ground : 

As Raging is in proportion to the Diſtance of two places mea- 
fared tn their Rumb,; ſo is the Sine of the Complement of that 
Rumb, to the Diff-rence in Latitude of theſe rwo places. 

And ſos the Sine of that Rumb, to the Diſtance of the Me- 
ridians of thoſe two places. As, admit I meaſure Sonth-Eafterly 
20 deg. 30o Poles, here then the Rumb upon which I meaſure, 
making with the Meridian an Angle of 20 deg. I ſay, 

As Kadires is in Proportion 


tO the Diſtance meaſured 320 Poles ; 2.47712 
So is Sine Complement the Rumb, SS E 20 deg. 9.97299 
to the Difference ef Latitnde 28 1 5235 fere. 2.45011 


Whereby is appears, that the Diſtance of the Parallels of 
theſe two places is 2 81 73; Poles; or that the place whereto I 
meaſure, 1s more Southerly than the place from which I meaſu- 
red, by 281 725 Poles. Now for the Diſtance of their Meri- 


dians, ſay, 


As Radixs is in Proportion 

to the diftance meaſured 300 Poles ; 2.47712 
So is the Sine of the RumbSE 2o aeg. 9.52405 
tro their Diſtance in Longiiude 1 02 7E5£ 2.01117 

Foles.| And thus I find the place whereto I meaſured, is 
"28.1 g| More E3fterly than the place from which I meaſu- 

$6.38 red, by 102 7* Poles, and ſomewhat more. 

84.57 And in like ſort may be found all the other num- 
113-76 bers expreſſed in this Tablez but having thus found 
40005 for every degr. tO 45 degr. Wo numbers, the reſt 
——==| may be deduced from them, as in this Example : 
169-14] 300 Polrs at three Poles to the Chain, is an 100 
4 ' 97-33] Chains, or 10 Changes, finding that in 1 © Changes 
wat, *52| upen this degr. the difference Southerly is 2 81 32 
enroet Poles, ic mult for 5 Changes, which js jult half 
£2201-92'ſo much be almoſt 141; and for one Change, 
which 


-|S 


mn > wo» 


mt 


w_al 
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which is a tenth part 28 7 fere, and ſo for two Changes twice 
ſo much, that is 56 73, for three Changes thrice ſo much, that 
is, the ſum of the two former, namely, 84 ++, and ſo by 
Addition only you may find the reſt, as in this Table, which 1 
ſhall need to proſecute no further. And thus you may make it 
ro the hundredth or thouſand parts of a Pole; but this for ordi- 
nary occalions, for which it was at firſt intended, may ſuffice. 

And according to this Example, it will be ealie to frame the like 
Table for a Chain of any other (ize, or for any other Meaſure 
which you uſe. 

It may be objeted, That howſoever this Rule holds true in 
plain Triangles, yet the Triangles here uſed are neither Plain 
nor Spherical ; for a Plain Triangle is made of three right Lines, 
a Spherical of three Arches of great Circles, But in this 
the three ſides are of three ſeveral kinds , namely , one lide is an 
Arch of the Meridian, and ſo of a great Circle, another an 
Arch of a Parallel, and ſo of a lefler Circle, the third ſide or 
Hypetbennſal being the Rumb, is no Arch of a Circle, but a 

Segment of an Heliſpherical Line. 

But I anſwer , That notwithſtanding this may be ſpeculative- 
ly conceived, and ſo demonſtrated to be no plain Triangle ; 
yer in ſo ſmall Diſtances as theſe which here we uſe , there can 
. be no ſenſible nor ſcarce any numerable difference. Yea, the 
Diſtance between two Parallels by the Rumb and Diſtance given 
(being the thing here chiefly aimed at ) is very exactly found by 
this Rule, as before we have ſhewed, and as is more fully de- 
monſtrated by Mr. Wright, inthe 12th Chapter of his Book, 
Of the Correftion of Erronrs in Navigation : Whence we may 
conclude, that the parts of the Meridian c:JeRed by this Table 
according to the Rumbs and Diſtances, as we have betore ſhewed, 
do give the true meaſure of the Segment of that Meridian inter- 
cepted, between the Parallels of the two places propoſed. 
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CHAP. Iv. 


FY 
i 


Of the difference of Longitude, Poſition , and Diſtance 
of York aud London : And how the Maps of Eng- 
land may by this Experiment be reformed, eſpecially 
in the Latitude of Places, 


E come next to ſpeak of the Eaſterly and Weſterly 

Diſtances gathered, as before is ſhewed by theſe Ta- 
We: and to find thereby the difference of Longitude , 

and of this we will give an example in. the joreſaid 
Experiment z Whereby we find that the diftance in Longitude, 
or the Eaſt and Weſt Diftance berween Zork and Loudon, 1s near 
14000 Poles, Lodo being ſo much more Eaſterly than York. 
And before we have found that in a gdegr. of the Meridian, and 
conſequently in a degr. of the Equinoctial, there is near 3709 ;+ 
Chains, at 6 Poles co the Chain, and this 14000 Poles conver- 
ted into ſuch Chains, is 2333 +. 
Which 233 3 5 Chains ( for finding the difference of Longi- 
tude) are not to be reckoned in the Parallel of Tork,, that being 
too much Northerly ; neither in the Parallcl.o! Zenden, being 
too muck Southerly . but in a middle Parallel berween both ; 
namely, about the Latitude of 5 2 degr.-.45 m7, Now to find 
what difference of Longitude is anſweradie to.this z 33 3 { Chains 
in the Parallel of 52 aegr. 45 min. ſay, | _ 

As Raains is in proportion 

:0 Sine Complement the Latit. ſr. 52 deg. 45 min. 5.78197 
So is the meaſure of a geg. in the Equinoctial 370954 3.56927 
to the meaſure of a deg. in that Parallel 2245 3+ 3.35124. 


Ard 
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And thus we fand that in the Parallel , whoſe Latitude ts 52 
degr. 45, min, there are-22.45733 Ghains, anſwering to ,a degrs 
whereby it appears that the difference of Longitude between T ork, 
and London, is more than one degy. and to find how much moxe , 
ſay again by the Rule of Proportion : 


As the meaſure.,of a degy. 2245 75 Co. ar. . 6.64876 
ist0 2 degr.in Seconds, 3000 | . 0 - Son: 
Sa is the meaſure given, 2333 x . - 7-1 JIG. 


tothe number of Seconds, 3741 | 345-7303 

Which feduced, is 1 degr,'2 min. 21 ſeconds ; and thus we 
find that Londox doth differ in Longitude from Tork 1 gegy. 2 
min. 21 ſeconds, being ſo much more.Eaſterly. 

Thus having the diff:rence of Lajitude, as alſo the difference 
of Longitude between.theſe two places , .we may. ( according to 
the Secand Problem of ;Sailing by  Aercators Chart ) find the 
Rumb from LZeonden to Zork to be 14 degr. 2.0 min. from the 
North to the Weſtwards ; that is , North and by Weſt 3 aegr. 
5 min. Weſterly, and the diſtance in that Rumb 9442 Chains, 
But their diſtance in the High-way, by reaſon of the crookedneſs 
and un-evenneſs of it, was more by aboputan cighth part. - 

And the like might be done for other. mmermediate Places be- 
tween theſe, but affeRing brevity , we 'ipaſs that over , as not 
much pertinent to our preſent purpoſe ; only expreſling the Lati- 
tudes of ſome of the principal of them, as folioweth. 


L atitudes, * 

As the Latitude of Yorb, we find to be 53 adeg. .58 min. 
Doncaſter 53 deg. 32 min, 
Newark upon Trent 53 deg. 5 min, 
Grantham 52 deg. 54 min, 

_ Stamford EE cans © am: -—"”mw 
Huntington 52 deg. 19 min, 
Royſton f3 a. 3 a, 
Ware Jil aeg, 43 min, 
1 ougon Fi deg, 3O min, 
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We further noted in this Experiment, that howſoever the 
number of Miles between Ware and Lowdon, arc almoſt the ſame 
by eſtimation that they are by meaſure ; yet all the way beſides 
from York to Ware, a meaſured Mile conſiſting of 320 Poles, 
is but three quarters of a Mile, as the Miles lie by ERttmation or 
commen account ; ſo that every where ( for the moſt part ) 
three Miles by eſtimation make 4 meaſured Miles : and a »#57, 
ot the 60" part of a deg. is almoſt in the middle betweeen them 
both : So that look how much a meaſured Mile is lefs than a 
wn. ſo much, or ſomewhat more'is a Mile by eſtimation greater 
than a m7. for as there is contained ina degr. of meaſured Miles 
69 + and ſomewhat more, as we have before ſhewed ; ſo of our 
common eſtimared Miles, there are contained about 51+ ina deg. 

Upon theſe Grounds the whole Maps of this Kingdom might 
be much reRihed, eſpecially in the Latitude of Places; for 
though we cannot hence determine certainly the Latitudes of any 
Other places beſides thoſe which were in the way, or at leaſt in 
fight as we came up (the principal of which we have before no- 
red.) Yet we may nearly conjeRure the Latitudes of moſt parts 
of England, hy their Diſtances and Poſitions from theſe ; but 
theſe things being beſides our ſcope and purpoſe in this place, we 
ſhall only compare the Latitude of ſome principal places, proba- 
bly gathered from this Experiment, with the Latitudes of the 
ſame places, as they are ſer down by M' Speed in his Geegraphs- 
cal Deſcriptions of England ; that ſuch as pleaſe to examine both 
- any particulars, may know to which they may more ſafely 

n. | 
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Canterbury 
Chichefler 
Guildford 
Wainchefter 
Dorchefler 
E xcefter 
Wells 

| Salisbury 
Redding 
London 
Colcheſter 
Ipſwich 
Norwich 
Cambridge 
Hertford 
Bedford 
Buckingbam 
Royſton 
Oxford 
Glocefter 
Hereford 
Worceſter 
Warwick, 


| Latirud, 


Latitud. 
by Mr. 
Sp.Map. 


10. M. 


— cj _—_— 
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FO 
51 
FI 
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Northampton 
Hunt ing ton 
Stamford 
Leiceſter 
Lincoln 
Newark up» 
(on Trent. 
Norntinghan 
Derby 
Stafford 
Shrewsbar) 
Cheſter 
Lancaſter 
Tork 
Richmond in 
Yorkſhire 
King ffon up- 
_ 
Doncaſter 
Durham 
Carlile. 
Newcaſtle 
Barwick 


Latitude 
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The Latitudes of theſe places in the firſt Column expreſſed, 
are ſuch as are probably gathered from this Experiment. Bnt in 
the ſecond Column there is ſer down the Latitudes of the ſame 
places, as they are exprefſcd by M* fohn Speed in his Map of 
England, ſetforth in his Book, Entituled, The Theatre of the 
Empire of Great Britain'z and leſt there ſhould be any miſtake 
ih his Map, I have conferred theſe Latirudes thence gathered , 
with the Latitudes of the ſame places, ſet down by him in words 
at large, in his Deſcriptions of each ſeveral County, and find 
them nearly to agree, except in the Latitude of Barwick, which 
Ih his Map he makes to be 57 degr. 3 min. But in his Hiſtorical 
Deſcriptions of Northnmberland, he relates it to be 5 5 degr. 
48 min. which laſt is much nearer the truth , but ſeems nor 
to be his meaning ; becanſe then he ſhould make it more Sou- 
therly than Newcaſtle , yea,more Southerly than he doth Carlile, 
which by his Map, and alſo by his words in his Relation of Cam- 
berland, is in the Latitude of 55 deg. 56 win. whereas Barwick 
is above 5o miles more Northetly. 

By theſe you may nearly conje&ure the Latijudes -of other 
parrs of Enplard, lying in or near the ſame Parallel with any of 
them : And hence alſo it appears, that the difference of Latitude 
berween Barwick , and the South Coaſt of: Znglara near Chriſt- 
Church, is little more than 5 aegy. not 6 aegy. and more, as 
ſome of our Maps make it. But theſe things we muſt leave, thar 
we may proceed to that which is principally intended, only we 
will firſt touch alittle upon the uſe of: the fore-going Table , in 
plotting and ſurveying of Land. 


CHAP, 
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CHAP. V. 


To Delincate the Plot of any Forrest, Park, Common , 
or other pieces of Grounds as alſo of Rivers, Har- 


bours, &c, ſpeedily and moſt exadly. 


Y intent Is not here to proſecute at large the Plotting 

_ of Grounds, being a thing handled by others, treating 

of Swrveying: But conlidering that the ways by 

them directed, and by others praQtiſed, in delineating 

or laying down the Diſtances and Angles obſerved by the Cir- 
cumferentor , Theogolite , Perattor, or other graduated inſtru- 


"ment, is by a Protrattor , and that the Table before going , or 


that which followeth rowards the end of this Treatiſe, ferveth 
for that and the like purpoſes , almoſt as ſpeedily , and far more 
exaaly ; I ſhall crave leave-to digreſs x tittle to ſhew this Uſe of 
it as briefly as I may. Therefore palling over the method to be 
uſed in ſetting down the Names of the Grounds, the Tenants , 
Borderers , and other remarkable things, and leaving every man 
in theſe to the ways whereunto he is accuſtomed; You may 
( as ſometimes I do) make a Book ina long Oftavo, and upon 
the left (ide thereof ſer down ſuch things, as theſe before men- 
tioned, reſerving every right {ide, and dividing them by Ruled 
Lines into 6 Columns ; as hereafter following appeareth. 

And having taken and ſet down your Notes in the Field on the 
left ſides or Pages of your Book, you may in the Evening or next 
morning before you go on?, or when elſe your occaſions will per- 
mir, ſer down in the firſt Colnmns on the right lide , how many 
degy. the Lines upon which you have Traverſed, are diſtant from 
the North or South part of the Meridian towards the Eaft or 
Weſt, and in the ſecond Columns the quantity of the ſame Lines, 
in Chanpes, Chains, and ſingle m_ and parts of Poles, 


As 
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- As in this Figure; ſuppoſe the Line _ AtoB to ok 
realy Eaſt, 7 Changes, thar is, 7 times 3o Poles, or 210 Poles, 
ow Z to C to the Eaſtwards of the South 3 5 degr. 5 Changes, 
and 1 Chain, from (to D, to the Weſtwards of the South 32 
degr. 5 Changes, and 4 Chains, from-D to E to the Weſtwards 


Sc 


of the South 80 degy. 10 Clianges, from E to F, tothe Eaſt- 
wards of the Nocth 35 degr. 6 Changes, 3 Chains, and two 
thirds of a Pole. And laftly, from F to A, the place where 1 
firſt began, to the Weſtwards of the North g degy. 5 Changes, 
3 Chains, 2 & Poles: All theſe I expreſs in the firſt and ſecond. 
Columns onthe right ſide, as hereafter following appeareth. 

* Whuch done, I take the- Table, and find there the Northing 
and Southing, Eaſting or Wefting anſwering to theſe degy- and 
Diſtances, and ſet them down accordingly. As for: the firſt be- 
ing Eaſt 7 Changes, I ſet down in the Eaſt Column 310 _ 
wit 
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with a Cypher behind it. For the ſecond being S E, 35 degr. 1 
find in the Table for 5 Changes 1228, to be ſet in the South Co- 
lamn, and 86o for the Eaſt Celamn, alſo upon the ame 
degr. for 1 Chain 2 5 for the South Colvron, and 17 for the Eaſt 
Column, and ſo I proceed with all the reſt, until I have finiſhed. 


Deg. | Diftame. _| North. | 5 oxth. | Eaſt, | Wes. 
E aft, F 1erry 2100 
SE 3S Hh 1228) (0860) 
0025} [o017); 
SW 32 + 272” 0795 
| > CEOS 4 
SW 4 MIL wh 2954 
(>) 
NE 35 ELLE 1474 1033 
2, - [9074* 0052 
Oz [ooog 0004 | 
ey” 9 Titi 1481 0234 
2, 4. |o089 oor 
2 0025 09004 
| | 3148 [3148 14065 14065 | 


And being thus returned to my firſt Station, 1 ſum up'everal- 
ly theſe four Columns of North, South, Eaſt and Weft , and 
finding that the ſum of the North Colnmn is equal to that of the 
South, and the ſum of the Faſt is equal to that of the Weſt, 1 
conclude the whole Work to be truly performed ; whereas if 
there had been any difference, it had ſhewed an Brrourg andif 
that difference had been great, it had been neceſſary to examine 
the Work again, and ſo to corre it. 8 

B 2 b 
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It is uſual to-add together all the Angles; and alſo to multiply 
wo right Angles, or 1 80 degr , by che number of Angles lack- 
ing two; andit the ſum of the Angles added together, be equal 
to this Product, the Work is thought to be true : as here, if we 
add the inclinations and Reclinations Oi theſe Lines in this Fi- 
gure, the Sum is 720 degy, or 8 right Angles; and it we mul- 
tip.y two right Angles dy 4, ( becauſe here are 6 Angles ) the 
Produtt is alſo 8 right Angles. Bur the other by the Sums of 
the Columns, is a moſt abfolnte way for-examining the truth of 
your Work, and to be preferred before any oyfitr that I know. 

Jr may feem very laborious to ſzt down every Station in this 
manner, but one that is alittle exerciſed. gn. & may, as | take it 
( for | never obierved the time exaRly) ſe down 40 or 5 o Stati- 
ons in thi manner, within the ſpace of afrhoar, or thereabouts-: 
But I ſhould adviſe that it be done by two Men, having each a 
Table for that purpoſe, to avoid all miſtakes.” _ 

If: your Inſtrument give not the Angle.with the Meridian ex- 
preſlly, yet it may ealily be gathered thence, orelſe you may, di- 
vide a Circle as your Inſtrument i: dividedy, and number the gegy. 
as they are there numbred , which done, number them alſo from 
the N. and S. part of the Meridian towards the E. and W. ſo 
ſhall you eaſily know the Angle of any deg with the Merid, 

Now to proceed, theſe meaſares may þe ſet down in a Plot 
ſeveral ways. As firſt, con{jdering whiclt way the Ground lies, 
1 take a Point for my firſt Station, ſo as thee whole may fall con- 
veniently within the Plot, _ which let be the Point A,. by which 
Point | draw a Meridian and Paralle], namely two right Lines in- 
rerſeing one another at right Angles : whereot let N S be the 
Meridian running North and South, and E / the Paralle] ran- 
ning Faſt and Weſt ; this done, '1 160k to the Noxrth and South 
Columns ;/and the firſt in the South Cotumn, and againſt the 
third Starſon, Ifindr2 5 7, tharis,*r 2 5573Pdles, this I ſet in 
the Metidian from A to the Sonthwards, and mark the Roinrt 
with the Figure 3, then in the South Column againſt the ſourth 
Station,: 1 find-1 2 > 4, which I ſet inthe Metidian fromg to 4, 


dian. 


wiſo againſt the tr Station Find 5:2 1, which I fet in the Meri-. 


{mo open pennant _ 


_ out in thig Example, two Stations expreſs'd, namely . A and B, 
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dian from 4to5. Then againſt the (ixth Station, I find in, the 
North Culumn 1 5 5 3, which 1 ſer in the Meridian from 5 to 6: 
alſo againſt the Seventh Station, which is the ſame with the Firſt, 
I find 15 95, which ſet in the Meridian from 6, and it falls 
upon A, which is the firſt Station: and thus have 1 done with. 
the South and North Columns. 


In like ſort | expreſs the meaſures in the Eaſt and Weſt Co- 
lumns in the Parallel E W, As finding rſt in the Eaſt Column 
2 100, [I ſet it down from A to the Eaſtwards, and it extends to 
B, where | ſet 2, fignitying my ſecond Station; I find next in 
the Eaſt Column 8-7, which 1 ſet inthat Parallel from 2 to 3 next 
in the Weſt Column 8 5 9, which [I ſet in that Parallel from 3 to 
4: and fo I proceed withthe reſt. And having thus fet down 
the Meaſures in the Meridian and Paralle], we have alſo as it falls 


now 
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now for the third, I take in the Paralle] with my Compaſſes the 
diſtance A 3, and ſetting one Foot in the Meridian at 3, 1 ſtrike 
an Arch nearC , alſo taking in the Meridian the Diſtance / 3, 
and fixing one Foor in the Parallel at 3, I croſs the foreſaid Arch 
near C, the interſe&ion of theſe two Arches is the Point C, re- 
preſenting the third Station. 

In like ſort, I proceed to find the Points D E F for the fourth, 
fiſth and (ixth Stations, then drawing Lines, namely, from the 
firſt Station Ato the ſecond B, and from the ſecond to the third 
C, &c. We ſhall deſcribe the Figure required, ABCDE F, 

Otherwiſe wherereas here you Add and SubſtraCt the ſeveral 
Diſtances of South and Notth, as alſo of Eaſt and Weſt by your 
Compaſſes, you may with a little more pains Add and Subſtra& 
them by the Pen, which is the better way. 

As having ſet down in the Meridian the Southerly diſtance of 
the third Station 125 3, 1 add thereto 1374, which is againſt 
the fourth Station, the ſum is 2627 ; the Southerly diſtance of 
the fourth Station, which I ſet in the Meridian from A to q. 
Again, to this I add 521, ſo havel 3148, the Southerly diſtance 
of the fifth Station A 5 , from which ſubſtrating 1553, ihe 
Northerly diſtance ſet againft the (ixth Station, there remains 
1595, Which is the Southerly diſtance of the lixth Station, to be 
ſet in the Meridian from Ato 6. Laſtly, from this, abating the 
Northerly diſtance of the firſt Station from the fixth, which 1 
find there alſoto be 1595, there remains o. Shewing that I am 
returned to the ſame Paralle), or Eaſt and Weſt Line, in which 
at firſt I began. "And in like ſort, you way procceed with the 
Eaſt and Weſt Columns, and then by the interfetion of two 
two Arches, lind every Station as before. 

Other ways might be preſcribed, which will not be hard to 
find of yourſelf, And as we may thus lay down any irregular 
right-lined Figure far more exaQly than by the Protrattsr : So 
when it is Jaid down after this manner, we Way Caſt up the Ares 
or ſuperficial quantity of it very exquifitely: Yea, if there 
ſhould be a Plot drawn (according to the Angles and Diſtances 
herein given) after the uſual manner, by a Scale {> large, that -" 

Plot 


It bd 5 
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Plot ſhould be an hundred rimes fo great as this; yet could not 
= Content thereof be caſt up ſo exactly and certainly as it may 
here. | 

But I muſt not infiſt upon theſe things, they may of theraſelves 
be conceived, and my iatentis only to touch them, that I be nor 
prevented of time, and by other occaſions from handling thoſe 
things which 1 have here more ſpecially intended. 

But as I haveaid, this courle is chiefly to be uſed in Plotting 
large Grounds, and there indeed are graduated Inſtruments, 
eſpecially to be uſed for other ſmaller grounds z there is none 
more fit than the Plain T able. 


CHAP, VI. 


Of the Compaſs of the Earth, and the quantity of a De- 
gree, according to the moſt approved Experiments An- 
cient and Modern, 


Lthough the Compaſs of the Earth hath been in ſome 
ſort obſerved by divers of the Ancients : Yet fer ſome 
| of them we cannot certainly gather what meaſures they 
uſed ; others uſed no meaſure at all, but aſſumed the 
Diſtance of places to be ſuch as it was eſtimated by Travellers to 
be, and likewiſe the Latitude yz therefore it will be needleſs to 
inſiſt upon the examination of their Obfervations, others of 
them which were taken by meaſure, and which we may upon any 
my ground reduce to our meaſures, are theſe which fol- 
OW. | 
walebrordus Snellize in his Book Entituled Eratofthenes Bata- 
wm, Cites Abel Fedas, a moſt diligent Arab5an Geographer , 
that lived about the year of Chriſt 1322, who records, = 
about . 
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about the year-of Chriſt 827, certain Men skilfull in the Afahe- 
maticks, did by fthe commandment of their Prince Almanox, 
meaſure in the Fields of Meſopotamia ( as he gathers) under one 
and the ſame Meridian, from the North towards the South . the 
quantity of a depy. and found it to be 56 Miles, or ſomewhat 
more. The quantity of their Mile, according to Alphragranw, 
. was 4000 Cubits, or 6000 Feet, whence the quantity of a degr. 
ſhould be 3 36000 Feet , bur of the length of their Feet we are 
ſomething uncertain gz only they define it ro be ſo long as the 
extent of 95 Barley Cowns laid (ide by fide ; whereas the Rhy»- 
land Foot, according to tryal by him made, is but the extent 
of go Coerns laid in like manner , fo that if there be no inequa- 
liry in the Grains, then 9o Arabian Feet are equal to 96 Rhyn- 
land-Feet, But 96 Rhynland-Feet are found to be about 91 + 
Engliſh Feet z therefore alſo by the Rule of Proportion, z 36000 *\ 
Arabian-Feer do make of our Englib Feet 370222. So that 
according to this Experiment of the Arabzaxs, a degr. ſhould 
contain 370222 of our Erg!i/3-Feer. And before we have found 
by the Obſervations raken at Zovdon and York, and by the di- 
ſtance of the Parallels meaſured , that a gdegy. contains of our 
Engliſh-Feet 367200. Thedifference is only 3022 Feet, that 
is, about the 745 part of a degy, or half a m2, 

He cites next Alhazenthe Arabian, who in his Baok de Cre-' 
puſcnlrs, declares the Compaſs of the Earth to be 24000000 
Paces, ſo that Proportionally there muſt be in one degy. 666662 
Paces, that is 333333 Arabian Feet. And ſeeing that go Ara- 
bian-Feet make of our Eygli/h- Feet 99z , therefore by the Rule 
of Proportion 333333 Arabian-Feet , make of our Engli/h- 
Feet 367283 : So that according to Alhazen, there ſhould be in 
a degr. 367283 of our Eng/z/b-Feet , dittering from the Experi- 
ment which | made only >3 Feet in a degr. 

] have not ſtrained theſe numbers to bring them to this near- 
neſs , they are the ſame inette& which are ſer down by Snelins 
in his Eratoſthenes Batavas, who with great Induſtry and Judge- 
ment hath compared the meaſures ot the Ancients, and the 
meaſures uſed by ſeveral Nations in theſe times, with the 
Rhyne 
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Rhynland-Foot. Much leſs have I ſtrained my own numbers to 
draw them up to theſe; But on the contrary, I confeſs upon 
the fight of his Book , cbſerving the great pains and induſtry 
which he profeſſeth himſelf ro have beſtowed, and which [. 
doubt not but he did imploy in making his Experiment, and 
how he had found the meaſure of a depr. to be much leſs than 
mine, as we ſhall after ſhew, I began ro doubt that I had nor 
made ſufficient allowance for the un-evenneſs of the ways, and 
for ſome ſmall bendings, ſometimes to the right hand, ſometimes 
ro the left , the Obſervation whereof I wittingly negleRed , to 
ſpare time and Expence. For I did often obſerve a Mile or two 
before me, ſome Mark in the High way noting the degy. and mea- 
ſaring to it in the way, negleRing to obſerve the intermediate 
ſwerving of the way, ſometimes three or four degr. towards 
the right hand, ſometimes as much to the left ; bur making ſuch 
allowance for that, and for the un-evenneſs as. I judged luffici- 
ent. And ſome men may think, that the exa& Obſervation of 
theſe leſſer things thus negle&ed , and regulated only by judge- 
ment or conjeure, might-deceive me much: But they may con- 
{ider, that it there be two places a Mild diſtant, that is, in a right 
Line 320 Poles, if you meaſure trom one of theſe places cowards 
the other, not in that right Line, but always ſwerving from it 
by an angle of four degr. ſometimes to the right hand , ſome- 
times to the letr, til] you come to that other place, I ſay, that 
notwithſtanding all theſe ſwervings ( if there be nothing elſe to 
augment the meaſure) it will not amount to 321, Now conlider- 
ing that I had all the way, as occaſion: required, made ach al. 
lowance as ſeemed convenient, and ſo tonnd 367200 Feetin a 
degr. bcfore 1 compared it with the meaſures taken by another : 
I reſolved not to diminiſh nor to augmeut the numbers thus ariſing 
by my Obſervations , Meaſures , and allowances , in reſpe& of 
the Opinions , Obſervations, or Meaſures of any other Man, 
until there be made ſome Experiment more evident and exact than 
any yet extant, And [ am ſomething the more confirmed by the 
near agreement of theſe rwwo teſtimonies before recited, both ex- 
ceeding me a little in the meaſure of' a deg. But we cannot cooti- 
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dently reſt upon them, becauſe of that inequality which may be 
of Corns or Grains g for theirs may haply beſomething greater 
or leſſer than ours. 

Both theſe meaſures of a degy. do much exceed the quantity 
of a degr. found by Snellsus, bur when he compares them with 
his own another way, namely, placing the Barley-Corns ſo that 
they may nor lie flat, but be ſet up edge-wile , and ſo by 96 
Corns to make a Foot,  afid by ſuch Feet to meaſurea degree ; 
then he finds that the quantity of a Degree, according to the 
Arabians , is much leſs than by htz Experiment it ſhould be : 
but if ſome be laid flat , and others fer up edge-wiſe, the Ara- 
bian meaſure of a degr Will agree with his. And ſo he pro- 
poſeth this doubr, whether the 96 Grains, whereof the Arabian 
Foot doth con(iſt , mult lie flat or be ſer up edge-wiſe, or ſome 
of them to lie flat, * and others to be ſet up edge-wiſe. But it is 
moſt probable that they muſt lie flat, that being the policien 
which they are apt unto by nature , they cannot be ſer edge- wile 
without much trouble, eſpecially ſo many together as make the 
length: of a Foot, and fo the Arabian meaſure of a degr. doth 
near agree to this! of mine. 

We come next to hear the determination of Prolomy of Alex- 
a#dria, whoſe authority and credit in the ſojution of this queſti- 
en, is not inferiour to any of -the Ancients. He affirms the Com- 
paſs of rhe Earth to be'1 80000 Stradiams, and the quantity of a 
degree 500 Stadiums , the ſame ( as Styabo faith in his ſecond 
Book of Geography ) was before affirmed by Poſidonins. Alſo 
Martinus Tyrizs (before Prolomy) had determined the quantity 
of a aepr. to be 500 Stadiums, Prolomy confirms it, not limply 
from their relations, *bur as it ſeems from his own expetience , 
and that by ſome meaſures diligently taken, for in the 1 1 Chap. 
of the firſt Book of his Geography, he hath theſe words; Sed in 
hoc quogne refte ſentit , partem unam qualiam eff circuits maxi- 
#244 lr4centorum ſexaginta;, quingenta in terra conflituere Staaia , 
34 enim confeſſis dimenſumnibus conſonnm exiftit. Alſo 1h. 7. cap. 
5. ſtautpars una, ſeu gradu nnu quingenta contineat Staata , 


qunemadmodum. ex diligentibus aeprehenſum eft dimenſionibs. 
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Now a Stadinm not only among the Greeks, biit as appears by 
Herodotus amongſt all ether Nations of Aſia and in </£gypr, 
did conliſt of 600 Foot; therefore a Degree according to Pro- 
lomy, muſt contain 3 00000 Feet, But the -/£gyprian or Alex- 
4ndrian-Foort was much greatey than our Foot; for as we have 
before ſaid, the ancient Rowan Foot is greater than ours, 
and the </£gyptian-Foot was much greater "than the Komen - 
For it is often teſtiftyed by Hero Merchanicus, that 5 Alexardyi- 
an-Feet make 6 Rowan-Feet, And Mr. Snellzus hath very inge- 
niouſly gathered both from Phi/andes and otherwiſe, that the 
Rhynland-Foot is equal to the ancient Roew4n- Foot; therefore 
allo 5 Alexandrian Feet are equal to 6 Khynland. Feet : So that 
by the rule of Proportion, 300000 Alexanarias Feet, will make 
of Rhynland-Feet 360000. But by the (ize of our Englifhe 
Foot, which was ſent him from the Iron Standard in G#i/d- Hall, 
he finds ir to contain but 968 ſuch parts as the Rhynland contains 
1000 : So that 968 Rhymland-Feet are equal to 1000 Enpliſhy 
or 121 Rhynlaxd Feet are equal to 125 Engliſh-Feet. Theres 
fore alſo by the Rule of Proportion, 360000 Khynland Feet are 
equal to 371900 of our Englz/b-Feer, Therefore according to 
Prolomy , there are contained in a degree 371900 of our Engliſh 
Feet. But by our fore-mentioned Experiment made between 
York and London, we find only 3672 00 Feet in a degree, being 
leſs.chan Prolomies by 4.700 Feet, that is, by x5 part of a gepgr. 
or + of a mix. and little more, - oe | | 
Fernelius a Modern Author ard Learned Phyſician, meaſuring 
the way by Revolutions of a Wheel, and the Latitudes by Ob- 
ſervation, finds ina degr. 68 talian Miles, and 96 Paces, the 
Pace which he uſed being more than 5 of our E»glih-Feet : 
Bur becauſe he handled nor the Problem exa&ly, and is ſuſpeted 
by Sxell5 ( though I think without cauſe ) 'to have grounded 
his Concluſion rather upon the Experiment of the Arabians bet 
fore ſet down ( wherewith it doth nearly agree ) than upon his 
own, Wwe will inſiſt no longer upon it. 
"We come in the laſt' place to the Experiment of Wslebrordis 
'Snellins ; a Hollander , made OE Netherland; about 20 ry 
| nor "Bo. | pa 
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paſt. Weſhall not need to recite the particulars'of it, being ex- 
| rant at large in his Book before mentioned : but in conclufion , 
he tinds in a degr. 342000 Rhynlana-Feet, Now a Khynland- 
Foot (as he hath there ſhewed, comparing both together) is grea- 
ter than ours , and that in ſuch Proportion, as 1000 is toy68, 
(and ſo much or little more it appears to be by that model of the 
Khyjnland-Foot Printed in his Book )) theretore 95 8 Rbynland- 
Feet muſt make 1000 of ours ; and hence by the rule of Pro- 
portion, 342000 Khynland Feet, will make «f our Exglifp-Feer 
353306, Sothar there ſhould be ina aegr. only 353306 Feer, 
which is leſs than we have before found in a aegy. by 1 3894 
Feer, that is, by 7+ part of a degr.or 2 5 min. and ſomething 
more. He was a man doubtleſs of Gogolas Induſtry and Know- 
ledge, and of much exerciſe in the 1{athemaricks, and it may be 
was well experienced in this particular, rouching the Geometrical 
rwenſuration of Diſtances, and he hath beſtowed much pains and 
diligence in this Experiment, as by his Book appeareth. But if 
be had by a Chain meaſured the Diſtance of His rwo utmoſt Sta- 
tions ( if the ground would pzrmit, which I ſuppoſe it. would 
not.) or at leaſt-wiſe if his meaſured Stations had been further 
diitant; I conceive he would have found a greater Diſtance in 
his two utmoſt places of Obſervation, But it a man, intending 
to find the diſtance of two places, meaſure hnly the 755 part of 
that Diſtance, and by that meaſured Line and the Angles, think 
ro find their irue Diſtance ; whether he do it immediately from 
thoſe two meaſured Stations, or immediately by help of others 
obſerved from them, he may ealily fall into ſome notable Errour, 
For though the Problem be exactly true in Geometrica] Demon- 
ſtrations , how ſail ſoever the.mcaſure be, yer it is not ſo in ſen- 
{ible and cxperimental PraQices;; by reaſon of ihe weakneſs even 
of the beſt Eye, and the. imperfeCtiap of che Inſtruments in-ther- 
ſelves, and.in their uſe. And belides that there- were many Sta- 
tions obliquely ſituate; a man cannot always hit the, juſt middle 
of tbat Turret, Stceple, or other mark which he obſerves : nei- 
ther when he comes, to make his Station there, can he always 
place his Inſtrament juſt. at the concourſe of .his former viſual 
Lines, by reaſon of other Impediments. Beſides the force of the 
wind 
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wind in ſuch eminent places: and moreover , that amongſt fo 
many Steeples as there are in ſome Towns, there, a man may at 
ſome time miſtake one for another. And if there ſhould happen 
no notable Errour, by reaſon of any or of all theſe Caſualties : 
Yer may two 91:2. in the difference of the Latitude of two places 
be ealily miſtaken, eſpecially being derived from the Lati:ndes 
of thoſe places which are very rarely ſet down true to a mz. 

If it be obje&ed, that I might as well be ſo much miſtaken in 
the difference of the Latitudes of York and London. 

I anſwer,it is not ſo likely,becauſe 1 had the opportunity of ob- 
ſerving the Summer Solſtitial Al.of the Sun in both places, wherein 
I had no neceſſary uſe of the Suns Parallax nor RefraCtion, nor of 
the Table of the Suns Declination, any of which may cauſe more 
than a m9. Errour, in finding the Latitude of either pace. 

Bzlides, if mine Errour in thoſe Obſervations ſhou!d be full 
as much , yet would it not in the Concluſion be halt ſo much , 
becauſe the difference in Latitude of the two places of my Ob- 
ſervation is more than twice ſo much as that of his. 

[ {bout the Year 1672, Mounfieur Picart has Publiſhed an Account in 
French, coucerning the meaſure of the Earth, a breviate whereof may b ſeen tn 
the Philoſophical TranſaQtions, Num. 113. wherein he concludes one Deg. 10 
centain 365184 Engliſh» Feet.wearly agreeing ts Mr ,Norwood's Experiment. ] 

But let this ſuffice, leaving every man to embrace that which 
he ſhall beſt approve, Both our Experiments do ſufficiently con- 
vince that common Errour of counting only 300000 Ergli/b-Feet 
to a degr. befides the conſent of other Obſervations before recited 
Ancient and Modern, 

M. Snells:zs hath further in that Book of his, Entituled Era- 
roſthenes Batavus , with much diligence compared ſome Anciect 
meaſure, as alſo the meaſures of fandry Foreign Countreys with 
the Rhynlazd- Foot , and amongſt the reſt, our Englis-Foor, ac- 
cording ro a lize thereof to him ſent from che Srandard in Guild- 
Hall , (irom whence alfo ] had about 20 years paſt, the ſize of 
that Foot , which 1 have nſed in this meaſore,) we ſhall not need 
r0 repeat them all, becanſe his Book is extant : Some of therware 
theſe following , which we here compared to our.Engi;B-Foot , 
as he hath there done to the Khynland, that ſo any of them may 
be the moreealily reduced into our Feet. Therefore dividing 
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the Engli/>-Foot into a 1000 equal parts, we ſhew how many 
of thoſe parts are contained in other Ancient and Forreign Feet, 


The 


Ancient Feet compared with our Exgl:/5-Foot. 
Of ſuch parts as the Engli-Foot contains, 
Ancient Roman-Foot contained 


Ancient Greek- Foot contains 


\ Babylonian contains 
s Alexandrian contains 


Antiochean contains 


\ Arabian contains 


Foreign Feet compared with our Engl, 


Of ſach parts as the Engl: Foot contains, 


T he- 


C Rhynlani-Foot contains 


Doy:-Foot contains 

Afiaalebrongh Foot contains 
eAmfterdam-Foot contains 
Antwerp-Foot contains 

| Lovasn-Foot contains 

| Hafnian-Foot in Denmark 

Paris Foot called the Kings-Foot 
Ventce-Foot 

Toledo-Foot 

Narimberg-Foot 


 Straitsburg-Foot 


IOo00 
1033 
1075 
I215 
1240 
I405 
1102 


1000 
I033 
IoS5 
992 
934 
939 
939 
965 
I090 
i157 
396 
Ioo06 
920 
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CHAP. VII. 


Of dividing the Log-line , and reckoning the Ships way, 


T 


Here be four things, upon which the PraQtice of N 4av5- 


gation is eſpecially grounded; namely , the knowledge 
of the Lengitude, Latitude, Courſe , and Diſtance. 
Touching the Longitade,though it may be found by the 


other 
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other three , yet hitherto there hath not been delivered any gene- 
ral Rule true and praRicabie , whereby the Longitudes or places 
might be immediately and ordinarily found of themſelves. The 
Latitude of places may immediately be tound by Obſervation of 
the Sun and Stars, as we have formerly fhewed in the Appendix 
to the Doftrine of Triangles : The Courſe by the Compaſs, | 
the Variation being duly obſerved , wherein we have many good 
Mariners very expert, this we have alſo handled in the Dottrne 
of Spherical Triangles; The Diſtance run is found of it felf by 
the Log-live, whereof we axe here to ſpeak, 

The gronnd of finding the Diſtance run by the. Zog- line is 
meerly conjecural, being founded upon this Opinion, that 5 
of our Feet make a Pzce, and 1000 ſuch Paces make a Mile, 
and that 6o ſuch Miles make a Degree , ſo that a Degree thovid: 
contain 300000 of our Feet : But it appears not only by this- 
Experiment, but evyen by all others that were diligently taken, 
and their meaſures to us known , that there is a greater number 
of our Feet contained in a Degree. 

There be three things (as I conceive ) that have cauſed this 
Erro.r to be ſo commonly received and toljerated. The one, 
for that ir doth ſomewhat counterpoiſe another contrary Errour 
in the PraRtice of Navigation: namely, in the uſe of the Plain: 
Chart, for the Errour which is there committed by making 
every Parallel equa] to the EquinoRial, and ſo every Degyee in 
them greater than they ſhould be, is ſomething moderated by 
this Errour , whereby the meaſure of a Degree is eſteemed leſs 
than indeed it is. «+ 

For Inſtance , It is evident by the Globe, that the Meridians 
concurring in the Poles grow nearer and nearer together, as they 
| towards the Poles ; Inſomuch, as it two Meridtans be di- 

ant in the Equino&ial 10 Degrees, that is 600 Miles, the ſame 
Meridians in the Latitude of 35 Degr. will be diſtant little more 
than 490 Miles. Now if unto every Mile we account according 
to the former Experiment 61 20 Feer,then is the diſtance of thoſe 
two Meridians in that Parallel near 3 000000 Feet. In like ſort in 


the Flain Chart:10 deg. of that Parallel (as of all others) is _ . 
: equal 
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equal to 10' gdegy, of the EquinoCtial or Meridian : ſo that the 
Diſtance of theſe two Meridians will upon the Plain Chart be 
600 Miles, but one of theſe Miles contains only 5000 Feet, (o 
that the Diſtance is but 3000000 Feet, equal to the former. 

And although theſe Errors in other caſes do not juſtly ballance 
one another, as in this Example, yet that of tne Plasn Chart is 
always ſomething moderated by this other, and ſo muck the more 
by how much they are nearer to the forelaid Latitude, I grant * 
that this is only ſo when the Courle is near unto the Eaſt or Weſt 
Points z; but withal , I ſay that this kind of reckoning is (ina 
manner ) then only uſed : For he that runs any Courle near the 
Meridian Southerly or Northerly , hath a more certain way of 
reckoning , namely his Latitade , which he finds daily by Ob« 
ſervation of the Sun and Stars, upon which he will depend, either 
neg'e&ing , or at leaſt not regarding his dead reckoning. Yea, 
(it it may be ) never caſting the Log ſo much as once in ſuch a 
Voyage, having a more ſure ground for his reckoning. But 
in a Courſe that is near the Eaſt and Welt ( toraſmuch as there 
1s no way diſcovered tor finding the Longitude) he is driven of 
neceſiity to make uſe of his dead reckoning. 

We might add moreover , that the principal Voyages of this 
kind, I mean of thoſe which conli!t of Courſes much Eaſterly and 
Weſterly,as to and from the Yeft-Tndies,and the Parallel of Cape 
bon Eſperance are near unto this Latitude of 35 degr. ſo that as 
ſome of them are more Southerly, others of them are more 
Kortherly. 

Bat to inliſt no longer upon this, I ſuppoſe a,ſecond cauſe to be, 
for that Men commonly defire to have their reckoning before 
their Ship (as they ſay) that they fall not with a place before they 
look for it; And this comes ſo to paſs, whilſt the Miles are ac- 
counted leſs in meafure , and ſo more in number than they are 
indeed. 

And thus , though there may ſcem to be ſome commodity in 
theſe Errours , eſpecially when they do nearly ballance one ano- 
ther : Yet becauſe they ſeldom do ſo, but always leave men in 
uncertainties , and oftentimes in great perplexity and danger , it 
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fs much ſafer and better to reje& them both, and to embrace thoſe 
ways, Which are evidently grounded upon truth , thongh there 
may be in them ſome more difficult at the firſt. Yer I conteſs, 
that he which reforms one and not agother, may ſometimes erre 
ſo much the more thereby. And I doubt not, but many would 
reform them both, it they could certainly do fo. 

Therefore a third cauſe of admitting and retaining this Errour 
ſeems to be, for that there hath been no way delivered from evi. 
dent and certain Grounds for the reifying of ir. 1 doubt not but 
many have found Errours in their Reckonings ariling from hence, 
that they account only 300000 of our Feet toa Degree ; but 
not knowing certainly where to lay the fault, have imputed it 
ſometimes to ill Steerage, otherwhiles 'to the variation of the 
Needle, or to ſome miſtake in the Reckonings, or to ſume Errour 
in their Plots, or to ſome Current, or ſuch other accident , and 
ſo the Errour hath reſted unreformed. Woheretore although the 
practical performance of this Problem for finding the Circum- 
terence of the Earth, or the quantity of a Degree on the ſame, 
have many ſingular uſes which I cannot now touch , yet thar 
which amongſt the reſt I chiefly aimed at, was, that we might 
have a more ſure and evident ground for dividing the Zog-line , 
and for reckoning the Ships way or diſtance run more truly upon 
any Rumb or Point of the Compaſs then formerly, 

And now to apply it to this purpoſe , we have noted before 
(Chap. 2.)that by the Experiment there expreſſed, we find in a 
Degree on the Circumference of the Earth and Seca, 367200 of 
our Znp/3/5-Feet, Wherefore retaining (till the ſame divifion of a | 
Degr- into 60 Miles or 20 Leagues ( as hath been formerly uſed) 
a Mile will contain 6120 Feet, or 1020 Fathoms : and ſoa 
League contains 1 8360 Feet, or 3060 Fathoms , for dividing 
357200 by 60, the Quotient is 6120, &c. Thus then 60 Miles 
being a Degree, every Mile is 61 20 Feet. 

Now ſuppoſing the time of the running out of the Log-1ine ts 
be meaſured by a half Minute-glaſs, if we obſerve how many 
Feet or Fathom ſhe runs inhalf a Minute, we may thereby find 
her way for an hour or 4 hours , or for any other time iy” 
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As admit there runs out of ihe Zog-/5x2 in half a minutes 
ſpace 5 1 Feet, or 85 Fathoms , and you would know what way 
the Ship makes every hour atter the ſarne rate; 

Say by the Rule of Proportion ; 

It o+ Minutes, give 51 Feet, 
What gives 60 Minutes; Or, 
If 1 Minute gives 102 Feet : 
W hat gives 60 Minutes ? 
And ſo Multiplying ; you ſhall find 6120 Feet, which is one 


Mile. Or, if you would find her way for-4 hours , which is. 


240 Minutes, fay , 
As x minute, Is in proportion to 240 minutes, 
So are 102 Feet, to 24480 Feet or 4 miies, 
Or, if you would have it in Fathoms , ſay, 
As 1 minute is in proportion to 240 minutes , 

So is 17 Fathoms , to 4980 Fathoms, the Ships way 
in four hours, The like is to be conceived, if your Glaſs be 
for any other quantity of time above or under half a minvte, 

Some have thought that the way which the Ship maketh , may 
be known to an old Sea- man by experience (as they lay ) that is 
by conjecture: Which Opinion makes ſome neglect the uſe of 
the Log, lelt they ſhould be accounted young Sea-men. But 
as he that rides often will have ſome near gueſs how far the pace 
he rides will carry him in an hour ( becauſe he hath often ob- 
ſerved it formerly ) ſo he which hath often ſailed and kept an 
account of the Ships way by the Zogy will be able ro give ſome 
near eſtimate of her way without the Z9g. But it is incident to 
ſome men to have ſuch a conceit of this their eftimate , that they 
think it more certain than the Rule it ſelf,. from whence it is 
derived , eſpecially if it chance ro anſwer their expeRations at 
ſome times, | 

It is thought alſo that the Ships way may be known by two 
Marks on the Ships fide , but this is doubtleſs very uncertain , 
both by reafon of the ſhortneſs of the time , and in. reſpe& 
of the dead water ( as they call i ): by the Ships ſide. *! For the 
water which is near the Ship, is drawn along with the Ship in 

her 
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her motion , and ſo much the more, by how much it is nearer. 

Bat if any delire to make tryal of this way , 1tis to be conli- 
dered, that 17 Foot is 5&5 part of a mile, and 1 © ſec. of a minute 
is 3:7 part of anhour : Therefore if there be two Marks on the 
Ships (ide diſtant 17 Feet, if the Ship run the diſtance of theſe 
two Marks in 10 /ec. (he rans a mile an hour, if in 5 ſec, two 
miles an hour, it ihe runs that diſtance 1n 2 ſec. ſhe runs 5 miles 
an hour. And ſo always dividing 10 ſec. by the gumber of ſec. 
in which the Ship runs in that diſtance, the Quotient ſhews the 
miles and parts of a mile run in an hour. 

But if the diſtance of thoſe two Marks be 34 Feet, if ſhe run 
it in zo ſec. it is after a mile an hour: it in 10 ſec, two miles an 
hour, if in 5 ſec. four miles an hour: and ſo always dividing 
20 ſec. by the number of ſeconds,” in which the Ship runs that 
diſtance , the Quotient ſhews how many miles the Ship runs in 
an hour. As if the Ship run that diſtance of 34 Feet in 8 ſec. 
then dividing 20 by 8, the Quotient is 23, ſhewing that the runs 
2= miles in an hour, . Or, it you can conveniently make the dis 
ſtance of the two Marks on the Ships {1de to be 5 1 Feet (for the 
further they are diſtant , the better) then if the Ship'run thar di- 
ſtance in 30 ſec. it isa mile an hour, if in 10 ſec. it is 3 miles 
an hour, and ſo always dividing 3 © ſec. by the number of ſeconds, 
in which the Ship is running that diſtance, the Quotient thews 
after that rate how many miles the Ship runs in an hour, 

Otherwiſe you may do thus, Divide 17 Feet into to parts, 
and ſer as many of thoſe parts on the SHips ide, as conveniently 
you may, which according to the Ships length will be more or 
fewer. Then when the Ship runs one of thoſe parts in a ſec. 
of rime, it 1s a mile an hour ; when two, it is twe miles an hour, 
when5, it is 5 miles an hour. And ingeneral, if youdivide 
the number of parts run by the. time of ranning accounted in 
ſec. the Quotient ſhews what number of miles after that rate are 
xun in an hour, 954 

As if ſhe'run 3o of thoſe parts in 5 ſeconds, it is 6 miles 
an hour; for dividing 3o by 5, the Quotient is6; ſoif ſhe 
run 42 of thoſe parts in 10 ſeconds, dividing 42 by 19,the Quo- 
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tient is 472, which ſheweth the Ships way at that time to be after 
the rate of four Miles and two tenths of a-Mile in an hour, 

Bur for keeping this account of time , it may be done etther 
by a Sand-glaſs for that purpoſe, or by pronouncing certain 
words or numbers; as the time wherein a man tells twice 6O , 
pronouncing every number as faſt as he can conveniently and dt- 
ftintly , is abour a Mioucez ſo that the time wherein a Man 1s 
numbring 60, is half a Minute or 39 ſeconds; and whilſt a 
Man is nurabring two { as one and tweuty, two and twenty: ) 1s 
a ſecond, and ſo whilſt a Man is numbring from twenty to thirty, 
is five ſeconds, from twenty to forty, ten ſeconds, Fc. but in 
numbring from one and twenty, you may obſerve the ſame times 
as in numbring from one and twenty to forty , and this will not 
be hard to do; far whil& a man pronouncerh one and twenty , 
two and twenty , three and twenty, 7c. there remains a certain 
Impreflion in the Fantafie , whereby a man is able in the ſame 
times tO pronounce one, two, three, &c. Andalthough this rule 
of numbring twice 60 for a Minutes ſpace be not general unta 
all men , becauſe ſome are ſwifter or ſlower in their pronunciati- 
on than others , yet after this Example, a man making tryal , 
may frame a rule to himſelf , whereby he may come ſomething” 
near the truth, 

But leaving theſe, we come to the diviſion of the Log-3re, 
according to the half Minute-glaſs, which is more uſual and cer- 
tain. And conltdering that half a Minute is of an hour the => 
part , therefore the Ships way running 51 Feet in half a Mi- 
Dute, is a Mile an hour, if ſhe run twice ſo much, that is, 102 
Feet in half a Minvte: it is two Mile an hour , it thrice ſo much, 
it is three Mile an hour; and in general, how many times 51 
Feet ſhe runs in half a Minute, ſo many Miles in her way for 
an hour, Therefore leaving half a ſcore Fathoms, or more from 
the Log , that ſb it may be out of the Eddyof the Ships wake, 
before you begin to account or turn the Glaſs , if there you make 
a Mark for the beginning, and ſo 5 1 Feet from thence a Mark 
.of one Knot, and 51 Feet further a Mark of two Knots, and 5 
Feet further ( that is, 153 Feet from your firſt Mark ) another 

Mark 
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Mark of three Knots, and fo proceeding : look how many Knots 
are veered out in half a Minnte , ſo many Miles is the Ships way 
for an hour, Now for that which is veered out more above the 
juſt 'meaſure of a Knot or Knots, you may allow tor every five 
Feet the tenth part of a Mile almoſt, As admit the run 5 Knots, 
and 2 5 Feet in halt a Minute, then 1s her way according to 574, 
or five Miles and an half in an hour, if 6 Knots and ten Feer, 
it is 6 7+ miles in an hour, &c. 

But according to the common Opinion of 500 Feet to a mile, 
and 60 ſuch miles to a Degree, there thoald be ſomething leſs than 
7 Fathom, namely, 41+ Feet to a Knot. 

And although he which veers the Zog-l5ze be careul to over- 
hate ir ſo ſlack, that it ray not draw forwards the Log , yet (no 
doubt) ir doth loſe ſome way , tollowing the Ship a little as ir 
is drawn by the Line, and withal by the Eday of the Ships wake, 
and ſometirnes alſo is caſt ;forwards by the Wind and Waves, 
when they come after the Ship ; ſo that for theſe cauſes; it is like, 
there may ſometimes be allowed three or tour Fathoms more than 
is veered out ; but this ( as a thing mutable and certain ) being 


| ſometimes more, ſometimes leſs, cannot be brought to any cer- 


rain Rule, but ſuch allowance may be made for ir as a man in his 
experience and diſcretion finds fit. 

If you would divide the Log-lixe ſo as it might give the Ships 
way in Centeſms , or the hundredth part of a Degree, and fit it 
to half a Minute-glaſs. Then ſeeing the hundredth part of a de- 
gree is 3672 Feet, and the 7*5 part thereof is 304 Feet; If you 
begin at the mark at which you mean to inrn the Glaſs, and mea- 
ſure from thence 30 Feet, and 3 fifth parts of a Foot, you may 
there place 1 Knot , and thence again meaſuring 3o Feet, and 3 
fifth parts of a Foot, there place 2 Knots, and fo proceeding at 
the end of every 30 Feet and 3 fifths, adding a Knor, the number 
of Knots which run out in halt a Minute, is the number of Cex- 
reſms which the Ship runs in an hour. As ſuppeſe there run 
out ten Knots in half a Minute, then the Ships way according, 
to ten Centeſms to a degree in an honr , that is, the tenth part 


of a Degree, or fix Miles. And ſo every three Foot above _ 
juſt 
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laſt meaſure of Knots, is near the tenth part of a Cezteſ#s, or 
the 1000th part of a Degree. As it there run out of the Log- 
line 5 Knots and 12 Feer, then the Ships way for an hour is 5 
Centeſms, and fonr tenth part of a Centeſm: the like is to be 
underſtood of others, 

And atter the form of theſe Ex3mples -you may divide the 
Log line for any othet quantity of Time , more or leſs than halt 
a minute , Or tor any other parts of a Degree propoled. 

Thus have we handled the Divilton of the Log-/ine, according 
to the meaſure betore found of 467200 Englijh-Feet in a De- 
gree: But becauſe ( as I have betore (hewed ) the Ships way is 
commonly more than by the Zog /zxe it appears to be, and every 
man delires to have his recxoning ſomething before his Ship, thac 
he fall nor with a place unexpeRed ; for theſe , and ſuch other 
cauſes , and for the rotundity of the number, it any man think 
it more ſafe and convenient in Sea-reckonings , he may abate one 
in5t, and fo aflign toa Degree only 360000 Feet, and con- 
ſequently ro a mile 6000 Engliſh-Feet, 

And upon this ground, it 1n halt a minute there run out 50 
Feet of the Log-line, it 13a mile an hour, and ſo if 100 Feet 
run out 1n a minute. ; 

For, as I minute is in proportion to 60 Minutes : 

$9 15 100 Feet to 6000 Feet, 

And ſo foraſmuch as twenty five Feet 15 ;;5-part of a mile, 
and 15 fecoxds 1s alſo 57 part of an hour : Lheretore if there be 
two Marks on the Ships fide diſtant 2 5 Feet, if the Ship run the 
diſtance of theſe two Marks in 1 5 ſeconds, it is atter the rate of 
a mile an hour it in 5 ſecoxas, Itis 3 miles an hour , and ſv-al- 
ways dividing 15 /*couds by the number of ſeconds in which 
the Ship runs thar diſtance, the Quortent ſhews the miles and 
parts of a mile run in an hour, Bat it the diitance of theſe two 
Marks be 5o Foot, thenif ſhe runit in 30 ſeconds , or half a 
Minute, itisa mile an hour, it in 10 ſecoxds, 3 miles an hour; 
if in five ſeconds, (ix miles an hour, ( for 30 divided by five, 
the Quotient is 6. ) And fo always dividing thicty ſeconas 


by the number of ſeconds, in wiich the Ship runs thar Di- - 
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ſtance ; the Quotient ſhews how miny miles ſhe runs in an 
hour, &*c, 

Othe: wiſe, 1f you make a mark on the Ships ſide at every 
twenty Inches, then when the Ship runs one of theſe parts in 
a ſecond of tune, it is a mile an hour : when five : it is five 
miles an hour , it ſhe run 18 of theſe paws in three ſeconds, it is 
{ix mile an hour. For dividing 18 by 3, the Quotient is lix, 
And in general, it youdivide the number of the parts run , by 
che number of ſeconds ſpent in running , the Quotient ſhews the 
Ships way in miles tor an hour. 

But for dividing the Log-lsne according to this ground of 
6000 Feet ina Mile, if you intend to uſe it with a half Minute- 
glaſs; then becauſe haif a Minute is #35 part of an hour , and 
5 © Feet js alſo the 535 part of a Mile : Therefore when the Ship 
runs 5o Feet in half a Minute, her way is after the rate of a 
Mile an houry if 100 Feet in half a Minute, it is two Miles an 
hour, &c. 

Theretore half a ſcore Fathoms or more from the Log, you 
may make a Mark, and beginning trom thence meaſure 50 
Feet, and there make the firſt Knot, and 50 Foot farther two 
Knots, and 50 Foot farther three Knots, and fo proceeding : 
Look how many Knots 1s run out in halt a Minute, ſo many 
Miles 1s the Ships way for an hour: and every 5 Feet more 
beſides the knots, is a tenth part of a Mile; as it there run out 
6 Knots and 2o Feet in half a Minute, the Ships way is after 
the rate of 672 Miles in an hour, &c. 

And fo if the Glaſs were for any other time more or lefs than 
half a Minute, you may make the diſtarce of your Knots pro- 
portional : as it it were for 20 ſeconds, then becaule 2 © ſeconds 
is of an hour the 35 part, I divide a Mile, which 15 5000 Feer, 
by 180, and the Quotient is 337; therefore there muſt be a 
Knot at every 3 3 Feet and 4 Inches. 

It your Glaſs be 36 ſeconds, which is 5,5 part of an hour ,. 
divide 6000 by 100, the Quotient is 60, ſhewing that there 
muſt be 60 Feet to every Knot, and then every 6 Foot over and 


above the Knots , is a tenth part of a Mile more. WY” 
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And ſv it is better that your Glaſs be more than half a Minute 
rather than leſs; and the more the better , provided that there 
ran out no more Line then you may hale in again , without dan- 
ger of breaking. 

Laſtly, if you would ſo divide the Zog-/ing , that it might 
ſhew the Ships way in Centeſms of a Degree, and fit itto an halt 
Minute-glaſs. Then foraſmuch as the hundrerh part of a degree 
is 360 Feet, and the 75 part thereof 13 30 Feet ; therefore be- 
ginning at the mark whereat you intend to turn che Glaſs, mea- | 
ſure from thence 30 Feer , and there make one Knot, and at zo 
Feet farther two Knots, &c. Then look how many Knots run 
out in half a Minute, ſo many Centeſms of a Degree is the 
Ships way for an hour. And ſo if the Glaſs be 36 ſeconds, then 
every Knot muſt have,z6 Feet, &c. | 

Now if a man Sailing between any two places which lie near 
Eaſt and Weſt one from another., have kept his Reckoning by 
Courſe and Diſtance, uling a Log /ine lo divided, that it have a 
Knot at every 7 Fathoms { as many do ) and would reduce the 
Diſtance of thoſe two places ſo found, to their Diſtance in ſuch 
Miles, as theſe of 60 to a Degree, each containing ( as we have 
ſaid ) 6200 Feet ; The proportion in number of thoſe to theſe, 
15456t9 5, for 6 of them mike 5 of thele. 

> As admit a man in his dead Reckoning , uling ſuch a Zog-13ne 
as hath a Knot atevery 7 Fathoms, and tor every Knot running 
out in half a Minute, he accounts the Ships way to be ſo wany 
miles an hour; and according to ſuch a Reckoning, ſuppoſe he 
find the diltarice of tw2 places to be t 2 2 4 miles, or 408 Leagues, 
and would know the Diſtance of the ſame places in miles of 6000 
Feettoa Mile, which is according to a Log- {ne that hath a Knot 
at every 50 Feet, | 


Say then by the Rule of Proportion, 


As the number 6 Co. ar. 9.22185 
Is in proportion to 5 0.69397 
So is the number of miles given 122.4 3.08778 
To the number of miles required, 1020 3.008405 , 


Which 
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Which 1020 is the diſtance of thoſe two places, in ſuch 
miles whereof 60 makea degr. Or to find the ſame in Leagues, 
the Proportion is, As 6togF, fo is 408 Leagues, to 340 
Leagues. 

And thus may the Diſtances of Places be found in ſuck miles , 
whereof 60 make a degy. eſpecially if with the diſtance expreſſed 
in the Plain Chart, you compare the reckonings of ſome 5kiltul 
Mariners that have ſailed from the one to the other. Burt thus to 
endeavour a reformation of the Plain Chart, were a Labour to 
little purpoſe , For there the correing of the true (ituation of 
two places, inreſpe& of ene another, is oftentimes an occztion 
that the ſame places are the more tallly fituate in reſpe& of others. 
Like as it there were two places 8 miles diftanr, and it were re- 
quired to place a third three miles from either of them , Here, 
if we ſet the third in the middle. it will be four miles diſtant from 
either : Bntif (attempting to mend that Errour ) we make the 
third to be three miles from the firſt, then will it be 5 miles from 
the ſecond : And thus unavoidably, the mending of the one is 
the marring of the other , becauſe the thing propoſed is not pole 
lible. 

'And ſuch is the Errour of the plain or common Sea- Chart , 
repreſenting the Earth and Sea, not as a Spherical, but as a Plain 
Snyerſicies; not as if the Meridians did concur in the Poles, but 
as it they were always parallel one to another, So thar the gra- 
duation and projection being ſuch, the Situations and Diſtances 
ot places cannet be generally and truly expreſſed therein. 

But the graduation and projection of Afercator's Chart, agree- 
ing wichout ſenſible errour with the Globe, there may in that be 
deſcribed all or any parts of the World, according to thcir Lon- 
girudes, Latitudes, Courſes and Diſtances, as truly, and far more 
conveniently for the Afarinersuſe than upon the Globe it ſelf; and 
upon ſuch a Chare ſo deſcribed, a reckoning may be truly kepr, 
and any Errour committed may ealily be diſcerned and amended. 
Whereas on the P/ain Chart, if a man find his reckoning todiſ- 
agree, he is fo far from knowing how to amend it, that he can 
ſeldom conjeRure where the fault was. 
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The negle& and want of theſe Charts, hath been, and is a great 
imperfeion in Navigation and Geography. For howlocyer 
there be ſome which do daily ſet forth for ſale Maps of theWorld, 
and of the parts thereof, according to thts projection : Yer to 
| have them truly ſuch, and fit for Navigation, requires in the Au- 
thor or Maker of them good knowledge, and ſome competent 
ability of his own, or aid from others, with a greater love to the 
Truth, than to his own Profir, which may induce him to beſtow 
ſuch Induſtry, Time and Expence, as I have formerly noted to 
be requiſite in ſuch a Work. 

For the furtherance whereof, and of the PcaQtice of Naviga- 
tion in general , | ſhall endeavour in the iwo next Chapters to 
thew a methodical and orderly way of Keeping a reckoning at 
Sea , more diſtinly and exa&ly than hath been formerly uted, 
and ſuch as may aptly be ter down in any Chart, and applied in 
the three principal kinds of Sailing ; namely, according to the 
Plain Chart, or Mercator 's, or according to the Arch of a great 
Circle. And by a tew reckonings truly ſet dowa, according to 
this form, the Maps of th: World, and of the parts thereof , 
might be much reiormed. 
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CHAP. VIII. 


A formal and exatt way of ſetting down and perfetting a 


Sea-reckoning. . 


Lthough the Courſe and Diſtance cannot be ſo truly and 
certainly known as the Latitude may be; yet we muſt 
endeavour in theſe alſo to come as near the Truth as 
may be, the rather for that ſome reckonings wuſt neceſ- 
farily depend wholly upon them. And to that end, thoſe which 
in their Voyages at Sea, have occaſion ro run far upon any 
Courfe or Courſes near the Meridian, may do well to make 
rial of tha: which I have former]y ſ:t down, touching the quan- 
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tity of a degy. on the Earth and Sea in our known Meaſurez and 
eſpecially in E aſt-Indian Voyages ; Sailing from the Lizard in 
the Welt part of England, 10 Cape bon Eſperance in Africh", 
they have opportunity oft making an ample Experiment here- 
of. 
Bur leaving this to the PraRice of the skilſul and induſtrious 
Sea man, we come now to ſhew an orderly and exat way of 
traming and keeping a reckoning at Sea; for which purpoſe 1 
have made the T able following, which ſheweth how much a Ship 
is more Northerly or Southerly, and how much more Eaſterly 
or Weſterly, by Sailing upon any Point or half Point of the 
Compaſs, any numbeagst Miles propoſed. 

The like 7 able I made many years lince, and taught the Uſe 
of it in Navigation; whether it were then uſed by any other, 1 
know nor, | had it of no man; but this 1 ſpeak, that if any 
man claim the firſt making and uſe of ſuch an one, he may have 
it. ; 
The Ground of making this Table is the ſame with the for- 
mer. For as Radius zs in proportion to the Diſtance run, So 24 the 
Sine Complement of the Rumb, to the Diſtance of North or South, 
and ſo is the Sine of the Rumb, tr the Diſtance of Eaſt or Weſs. 
Therefore here for 10 miles upon any ot the four Points trom 
the Meridian, we ſet in the ſceond Column the Sine Complement 
of that Point ( reduced into degy.) and in the third the Sine 
thereof., As the ſecond Rumb or Point from the Meridian, be- 
ing 22 degy. 30 min. the Sine Complement thereof which is 
92 39 ſetin the ſecond Column againſt 10 : and the Sine thereot 
3827, I ſetthere inthe third Column, and having done thus for 
Io miles in every Column, the reſt may be ealily drawn from 
chem. | 
As in the ſecond Column, for the 'firft half Point againſt 10 
miles, finding 9952, 1 ſet the halt thereof; namely, 4976 a- 
gainſt 5 miles, andthe tenth part thereof, namely, 99 5 againſt 
one mile, which doubled or added to it ſelf, is 1990, to be fer 
againſt two miles , whereto adding the ſame 995, the Sum is 


2985 for three miles ; and ſo for the reſt. 
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And thus for every Point and half Point from the Meridian, 
there are three Columns : In the firſt whereof, there is ſet down 
2 number of Miles run upon that Point or half Point , the ſecond 
theweth how much the Latitude is altered , that is, how much 
youare more Southerly or Northerly, by running ſo far upon 
that Point or half Point, the third, how much you are more 
Eaſterly or Weſterlyz by running that Conrſe and Diſtance, 

The numbers ſer in-every firſt Column from 1 to 10, are aifo 
to be underſtood from 1© to 1.00, or from 100 to tooo, and 
the Figure in the fourth place of the ſecond and third Co- 
lumns, anſwer to the firſt. As admit a Ship run South and b 
Welt (that is (South 1 Point Weſterly Jugs 5 Miles) 1 ſet down 
this namber thus ; and looking 
| 1oc| g84| Iys| in the Columns of. the firit 
S.W.1.| 6o| 588|. 117] Rumbagainit 10 ( which may 
Prent. $ 49] 1Cc| beunderſtoodto be 100 ( I find 
| — |i65.|161.S| 32.:| againſt it in theſecond Column 
2 981 almoſt, and in the third 
195 , aiſo-againſt 60 ( that is 6 )-1n the firſt Column, there 
is 588 in the ſecond, and 117 in- the third : alſo againſt 5 in 
the firft Column, there is 49 in the ſecond, and almoft 1 © in the 
third, 

T heſe ſet down, and ſumm'd up as here appeareth, ſhew that 
a Ship running S by W 165 Miles, is. to the Southwards of the 
place from whence ſhe departed 161 Mrles, and 8 Tenth parts of 
a mile, and tothe Welſtwards 32 miles, and 2 Tenth-parts of a 
mile. If you delire more ex. 
1och g80g| 195c| adAneſs, you may vſe all the 

651 5885} 1170| places for the firſt or greateſt 

| 490 97| number, which is here 1 00, 
Fes: 3zel7 As in this ſecond Example , 
| where the Southerly Diſtance 
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165[161,8z 


is 161 522 miles, and the Weſterly 32 757 miles. 
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of every Rumb and half Rumb from the Meridian, ac- 
cording to the number of Miles run upon that Rumb, 
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A larger Example may be that before ſet down in the laſt 
Problem of Siiling” by 'a Great Circle from Summers IſNlanasto 
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As admit I ſail from thence ; Firſt, N E + Point Eaſterly- 
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600 miles, then N E by E 3oo miles; Eaſt North-Eaſt half a 
Point Northerly 493 miles, ENE 390 miles; ENE% 
Point Eaſterly 264 miles, E by N 210 miles; Eaſt 951 miles : 
Theſe Courſes and Diſtances I ſet down in ſuch form as here ap- 
peareth, where in the firſt Column there is exprefſed the Courſe 
or Point of the Compaſs upon which a man ſails: In the ſecond 
Colnmn, the Diſtance of that Rumb from the Meridian, ln the 
third Celumn, the Diſtance run upon that Point ;, | In the reſt, 
the difference of Latirude, and departure from the Meridian in 
Miles, and tenth parts »f a Mile. 


| Ramb | Diſt. | | 
Conr ſe. [from me.\miles. North. South | E aſt. | Weſt. 
'NE<| North | _- 
Po. E. |E afterly.| 6co 380.6 4638 
—_ CO SIRERIM _ 
N E by | N Eaſt | 30o 1 66.7 2 494 
E, | Point. LS tA 
E NE+| N Eaſt | 400 IS85 3528 
PoN. [5:Po | 90 424 794 
BIS 0 / £5 Pr. TOO  —_— 
ENE |N Eaſt | 300 1148 277.2 
9 6 Point, | go] | 344 - , 2 
E NEz|N Eaft | 200 550 | 1914 
Po. E. |6;Point,| 60 174 | - $99 
4 I2 Z > En 
E by X [N Eaft | 200 390 1962 
7 Point. | 10 20 HE :.. 
a vo 
E aft. 
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(in all which is to be conceived, that the Yariations are allows 
ed) fo that at the Foot of this reckoning, I find the Sam of the 
North Column to be 1 047 # miles, and the Sum. of the Eaft 
Column 2910 miles almoſt ; the firſt, namely, 1047 miles con- 
verted into degy. 15 17 degy. 27 mn. the difference of Latitude, 
, Which added to the Latirude of Summers Iands ; 2 dep. 2 5 min. 


(where this reckoning began) the Sum is 49 degy. 52 min. which 


is the Latitude of this laſt place where this reckoning endeth. So 
that according to this Account, the Ship is run into the Latirude 
of 49 deg. 52 min. and hath altered her Longitude to the Eaſt- 
wards 2920 miles, of fuch miles, whereof 60 make a degr. of 
a great Circle. 

[herefore if you ſet down this reckoning on the P/asn Chart, 
you mult make a Point in the Chare that may be in the Latitude 
of 49 deg. 52 min. and to the Eaſtwards of Summers Iſlands. 
(where this. reckoning began) 2920 miles, that is, you muſt run 
2 paralle] (with your Compaſles or otherwiſe) on your Chart in 
the Latit. of 49 deg. 52 mn. and croſs the ſame by a Meridian, 
which may be to the Eaftwards of the Merid, of Summers ]lands 
2920 miles, and ſo the Point of the InterſeRion of this Parallel 
arid Meridian, is the traverſe-Point or Point in the Chart repre- 
ſenting the place where the Ship is in the end of this reckoning. 
* Bur if you ſet down this reckoning on Adercator's Chart , you 
muſt alſo find a Point that may be in the Latitude of 49 gegr. 52 
win, and may likewiſe be to the Eaſtwards of Summers- Hands 
2920 miles, which is done by running with your Compaſſes a 
Parallel in the Latitude of 49 egy. 5 2 mn. and croſling the ſame 
by a Meridian, which may be to the Exſtwards of the Meridian 
of Summers: Iſlands, 2 920 miles, the Point of the Interſeion of 
this Parallel with that Meridian, is the Traverſe-point, repre- 
ſenting tn the Chare the place where the Ship then is.” 

For it is to be conceived in this Chart, that the Degrees of the 
Meridian intercepted between the Latirudes of two places, are 
as a Scale for thoſe two places, ro meaſure not only their diffs- 
rence of Latitude, bur likewiſe their Diſtance in their Rumb, as 
alſo rhe Diſtanec of their Meridians. _ 

at 
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- But becauſe it ofren falls out , that in Sailing from place to 
place, a Ship runs not nzar the Rumb of the two places by many 
hundred miles, eſpecially in ſailing by the Arch of a great Circle, 
which is the moſt exquiſite manner of Salling, and wherein a 
man ſhifts his Courſe o!ten, and-runs much farther in one Latitude 
than in another, asby the former Example may appear, There- 
fore once in three-or tour days, or ſo often as you alter your 
Courſe much, you may transfer or ſet down your Reckoning out 
of your Book into your Chare. As in transferring the former 
Example, you may ſet down the Northing and Eaſting of every 
of the Courſes ſeverally , but for brevity ſake we will bring them 
into three parts ( and lo alſo we {hall nor much err, 

Ard thus for the two firſt Courſes, namely XN E ; Point 
Eaſterly 600 miles, and NV E 'by E 3©co miles, I find in the 
= Fa North Column 547 Miles, and 1n the Eaſt 
: North," Eaſt. | Column 713 miles; alſo ter the three next 

547] 713| -Courſes, ſumming up the North and Eaſt Co- 

459] 1050| Inmns, I find the Norihing to be 459 miles , 

41] 1157; . and the Eaſting 105 o miles. Allo tor the two 
To0475/:20:0! laſt Courſes, I find the Northing to-be 4r 

miles, and the Eaſting 1157 miles. 

Now to transfer theſe into the Chart,l conlider that 5 47 miles 
Is 9 degr, 7 min. Which added to the former Latitude 32 deg. 
2 5 min. makes Latitude 41 depgr. 32 mi. In which Latitude 
I run a Parallel , then conſidering that 71 3 miles is 11 aegy. 53 
mn. I take this 11 degr. 5 3 mn. in the Meridian, as much a- 
bove the one Latitude, as beneath the other , namely, from 3 x 
degy. o min. tO 42 degr. 53 mi. and this [er in the toreſaid 
Parallel from the Meridian of Summers I/lanas to the Eaſtwards, 
and there make the Point B , then reducing 459 miles into gegy, 
it makes 7 dep. 39 min. which added to 41 deg. 32 min. makes: 
Latitude.49 deg. r 1 mn. Alſo the Eaſting 1050 miles are 17 
deg. 30 mix. the half whereof 8 deg. 45 min. I take in the Me- 
ridian from above 41 deg. 32 mn. beneath 49 deg. 11 min. 
* namely, from 41 deg 20-9. to 50 deg. 5 min. And this being 
doubled ( becauſe it is bur the half.) 1 ſet from the Meridian of 
the 


j 


V 
G 
a 
Y 
% 
f& 
= 
8 
KY 
S 
S 


The Sea-rmans Praffice. 


the Prick or Trayerſe-point B before made, in the Parallel of 49 
deg. 11 min, making there another prick D: .. Laſtly , I add the 
Northing 41 miles to the former Latitnde 49 deg: 11 min. the 
Sum is 49 deg. 52-min. the Latitude of the Paralicl to which [1 
am now come, wherein I am to ſet down the Eaſting 1 1 5 7 miles, 
This therefore converted into degr. of a great Circle, make 1g 
degr. 17 min. | take therefore 1 degy. of the Meridian, about 
the Latitude of 49 degy. 52 mn. (becauſe the moſt part is run in 
that Latitude ) namely, from 49 degr. 30 min. to 5o degr. 30 
m2. and ſet the ſame in the forefaid Parallel from the Mcridtan 
of the prick D laſt before made tro the Eaſtwarids 19 times, 
and moreover 17 m2. take at the fame Latitude, and this reach- 
eth to the point E. And ſo is all this reckoning ſer down, and 
the like is to be underſtood of any ether, which though in ex- 
preſſion it require many words for plainneſs, yet is there very 
little difficulty more in the PraQtice, than there is in ſetting down 
a reckoning on the Plain Chart. 


— _ FY _— _ 


A more ample example, together with a larger Table for 
the keeping a reckoning at Sea, | 


Aving thus (in a more general manner ) ſhewed how to 
ſet down a reckoning of the Ships way for every Point 
and half Point of the Compaſs; this to ſome Men might 

; ſeem ſufficient: Byit becauſe a Ship doth not always make 
her way goed as ſhe lies,nor-doth her Leeward-way aiwayes fall 
jaſtly yupon a whole Point, or half-Point, or quarter ; And 
moreover, conſidering that though a Ship fteer away upon any 
Point of the Compaſ7, yet her true way, by reaſon of the Vari- 
ation of the Need/e, may ſwerve from that Point towards the 
one (ide or towards the other 3 or 4 dagr.-or more or leſs, and 
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not alwayes a Point or half-Point, or quarter; therefore I have 
thought it requiſite to ſet down the Table following to every (in- 
gle degr. and that a man might the more readily with ohe or twe 
Entrances have his delire, 1 have alſo enlarged the number of 
miles unto 100. The Ground and way of making this Table, 
differs not from the former, and it 15 to be uſed almoſt in the felt 
ſame manner : Wherefore we (hall uſe the more brevity in hand- 
ling it. 


Here followeth a Table of the Northing or Southing, 
Eaſting or Welſting of every degr. trom the Meri- 
dian, according to the number of Miles run upon 
that degr. which for brevity ſake we call 


TABLE 


DIFFERENCE 


LATITUDE, 


AND 


Departure from the Meridian. 
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Now for the form of ſetting down a Reckoning, although he 
which is accuſtomed to keep it in this manner, may haply by uſe 
and praQice diſcern how to order it in a better way then I can 
preſently preſcribe or think upon, becauſe he hath occaſion often 
co conlider it in every particular : yet in the mean time I con- 
ceive it will be fit to have a Book in Fo/zo, thatis, two Leaves to 
a ſheer of Paper, and to keep the left fide of your Book void, 
chat you may write therein all ſuch Occurrences as you ſhall think 
requilite, As namely, the Winds, and the Points of the Com- 
pals, upon which your Ship lies, and what allowance you make 
for Lee-ward Way When you Sail by a Wind, the number of 
Glafles or hours, and how many Knots or Miles ineach hour, alſo 
the Latitudes which you find by Obſervation of the Meridian 
altitude of the Stars, and what elſe you ſhall think remarkable. 
But before all this,the title of the voyage in theſe or the like words, 


The ſrneval of our Voyage intended by Goas aſſiſtante from S. 1. 
in the Latitude of 32 degs 25 min. to the Coaſt of England,@c. 


The right hand Pages, or the right (ide of your Book through- 
out , may by Lines be divided into 12 Columns, as in the Ex- 
ample following doth appear. In the firſt Column may beex- 
preſſed the Day, in the ſecond the Month , or at leaſt once in the 
cop of the Page; likewiſe in the ſame ſecond Column,being large 
enough, may be ſet down the Latizudes which you find by the 
Meridian-altitudes of the Sun at ſach times as you make obſerva- 
tion. Inthe third Column the Courſe (the Zee-ward way, if there 
be any Leeing allowed.)In the 4th the variation of the Needle,In 
the 5th (having made allowance for the variation) ſet down the 
Angle of your Rumb with the Meridian. In the 6 Column fer 
down the diſtance in Miles run upon that Rumb. In the -, 8, 9, 
and 1 © Columns the Northing or Seuthing, Eaſting or Welting, 
thereto anſwering; as you ſhall find it by your Table; In the 1 1 5 


your Latitudes by dead reckoning. And laftly, in the r 2 Column 


you may at ſuch tines as youthink fitteſt, ſer down your Longi- 
e#4e from the place from which you firſt departed, or the die 
rence of Longitude from place to — : = TY: | 


2 Þ 
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For an Exataple, we may frame a Reckoniog between the two - 
places before-mentioned , namely from Swmmers lands to the 
Lizard, whoſe diſtance in the Rumb we have betore ſuppoſed 
tO be 3299 Miles, as ſome Charts makeit, and conſequently 
their difference of Longitude 70 deg. I would not be underſtood. 
a5 it |] affirmed it to be ſo much, tor I ſuppoſe it is leſs. 1 was 
there indeed about 20 years paſt, and Surveyed it, and than kept 
a Reckoning both outwards and homewards, but I have loſt thoſe 
Reckonings long lance , and have forgotrey what they were, and 
in this caſe it matters not , for whether the ſuppoſition be near 
the truth or not, it ſerves ſufficiently ro exemplibe the Rule , 
that being th: end for which it is uſed. Burt if their diſtance be 
32 99 ſuch Milcs as contain only 1 000 Paces in a Mile, the ſame 
being reckoned in ſuch Miles, as we have beiore mentioned , 
namely, in ſuch whereof 60 make a degree of agreat Circle, 
which as we find contain $120 Feetin a Mile, their diſtance will 
be little more than 2695 Miles, and conſequently, the difference 
of Longitude little more than 5 5 5 degrees. | 

Let vs therefore ſuppoſe the difference of Longitude between 
thoſe two places to be 55 degrees, and their Latitudes to bethe 
ſame as before , namely of the one 32 deg. 25 mn. and of the 
other 50 degrees, And let the Courſes, Diſtances, and other 
Obſervations from Summers 1ands to the Lizard to be ſuch as 
before is ſhewed. | T 

The firſt entrance in this Journal, ( which is the 20 Day of 

' Februar ) is thus tobe underſtood , namely, that from the titae 

of {ting Sail ( which we fuppoſe to be the 1 9 of Febraary) tiil 

the 20 Day at noon, the Ship lies away , and makes her way 
-good upon the North-eaft and by Eaſt point of the Compaſs, but | 

the variation being 8 degrees tothe Weſtwards' ( as in the fourth 

Column appears) the Rumb upon which ſhe hath 'run.is from the 

_ * "North to the Eaſtwards only 48 deg. as is exprefſed in the 5- Co- 

' lkmn (itisindeed 48 > deg. but the & deg. we omit, as for the 

; other circumſtances not to be regarded ) upon this Rumb ſhe runs 
78 Miles, as'in the 6 Column appears, and anſwerable 

—rindt inte Fa © 4 | | 
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and the Eafting 57 52, as here inthe ſeventh and ninth Column 
is expreſſed by theſe numbers 522 and 579 ( forhe firſt Figure 
towards the right hand ſignifyeth the tenth part of a Mile, the 
reſt Miles.) Hence then the Northing being 5 2 Miles, if that be 
added to. the Latitude from which.it is reckoned, namely, 32 deg. 
25 win. in makes the Latitude here tobe 33 dep. 17min. as 1n 
the 1 1 Column appears. In like ſort ,. the ſecond entrance being 
the 21 of February, ſheweth that from the 2 0 Day at Noon to 
the 21, ſhe made her way good upon the North-eaſt and by Eaſt 
Point of the Compaſs, but the Variation being 8 degrees WeRt- 
erly , the Angle of the Rumb with the true Meridian was from 
the North to the Eaſtwards 48 degrees, and ſo Sailing 1 00 miles, 
the Northing is 69 3 miles, andthe Eaſting 74 54 miles, ſo 
that the Latitude now'is 34 deg. 24 48. and the like is to be 
underſtogd of all the reſt, | 

Touching the Longitude expreſſed in the 1aſt Column, al- 
though a reckoning may be kept and ſet down without it, yet it 
is of very good uſe, and how1o convert the Eaſting or Weſting 
( that is, the miles expreſſed. in the Eaſt and Weſt Columns ot 
your Journal) into degr. and mix. of Longitude ; we will thew 
afterwards, as alſo how yon may ealily corre your Courſe, 
and give the true Courſe or Rumb, allowing the Variation, 
. ,, But firſt to. proceed with this Journal, obſerving the Meridian 
altitade of the Sun upon the 2 3 and 24 February, | find that my. 
Latitude upen the 24, is. 3 9 deg. 36 wn. whereas by dead rec- 
kening-it is but. 3 9 deg..2 $ win. ſo the difference is $ mere Nor- 
therly : -but being well aſſured of the Latitude found by Obſer- 
vation, I corre& the dead reckoning thereby, which may bedone 
by the Rule of Proportion, ſaying ; EE p 
- | Asthe ſum of the North-Column , 3125 Co. an. 6.50515 


| Tothe Sumof. the Eaſt Colgmn,, 4300 ,  :, 3.63347. 
© $0 the ſoreſaid increaſe Northesly -; 80 1.90309 
- To the increaſe Eaſterly : ZIO 2.04171 
Thatis, nr © miles :: for the firſt place towards the tight hand is 
only: for the tentb-parts of a mile. > ;£r) 14; 2nwnge, | owt 
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The fame may alfo ſufficiently be found without the Rule of 
Proportion, by the foregoing Table, only for looking there un- 
der'the Degree upon which | have Saited, 'namely, under 54 d2g. 
for $ miles or $0 tenths of a' mile, though I find nor the ſame 
exactly, yer 1 find onewhich is near it, namely, 82, and againſt 
it in the nextcollateral Column 1 13, whith is 1 1 7+ miles-(be- 
ing roo much by + of a mile, becauſe the other is roo much by 
ZZ) I add therefere in the North Colnmn of the:Journal 8 miles, 
and the Eaſt Colnmn 1 r miles ; and ſo whereasby dead reckon- 
ing, the' Nerthing was but 30475 miles, and-Eafting 194 
miles; now having corre&ed it by obſervation, the -Northing is 
312 -£ miles, and Eaſting :43o'miles. | 

1a like ſort upon the 275** day, I ſhonld by dead RecKening be 

m the Latitude of 44 dzgy. og min. but by a clear andigood ob- 
ſervation 1 find my ſelf in the Latitude of 43 deg. 5 5 mw. that is, 
not ſo much Northerly by 1 4 #51. therefore ro corre& it, [ par 
in the Sonth Column 1 4 miles or 140 tenths,and ſeeing my courſe 
was between theNorth and the Eaſt, and that I find my felt 10 
be lefs- to the Northwards, that is, more to the Southiwards than 
my reckoning ; therefore 'in probibility I arn alfo leſs to the. Eaſte 
wards, that is, more to the Weſtwards than my reckoning , but 
to find how much, I Jook in the foregoing Tablefor the - degree 
vpon-which have Sailed, being from the North part of the: Me- 
ridian t9 the Eaſtwarls 5o dey. and under'6o deg. 1 look for't 4 
miles;or 1.4o'tenths,and #pain{t tin the Colnmnadjoyning | find 
243, which Het down in my Jovrifial inthe Weſt Column, and 
ſo ſubſtraGing the firſt'from the North Column, the other from 
the'Eaſt,” I find that xhereas by dead reckoning I ſhould be to 
the Northwards 273 7& miles, and to the Eaſtwards 465-2, 
New having corrected iit by Obfetvation, 1 find that fromthe 
24" day till this time 1 have run'*more -Northerly than 1 was by 
25953 miles, and more Eaſterly'by-441 75 miles. | 

Bur if your Courſe be near the Eaſt or Welt, it may ſuffice 
£0. corrett'* in' Latitnde only, as in the Example of the 8 of 

Atarch q_om ; for in that caſe. :you cannot corre the. Longi» 
tude, but from ſome further ground. . 
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If there be any Current, ' you may note it as .is done in thar 
Example following the 8'* of Afarch. Mk, | 

Now it you would ſet 'down this. Keckoning upon the plain 
or common Sea- Chart ; Firſt, if you delire to expreſs every dayy 
account, you may begin for the 20" of Feby. and make a prick 
in your Plot that may befrom the place from which you ſer fail 
to the Northwards 52 7* miles, and to the Eaſtwards 5773 ; 
and fo will this Point bediſtant from the place of your ſetting (ail 
78 mites North-caſt, and almoſt a quarter of a Point Eafterly : 
then for the 21*day you may make another. Prick, which may 
be from the form to the Neorthwards- 66 =2 miles, and to the 
Eaftwards 74 55 miles, and ſo you may procced with the reſt, 
And thus yeu ſhall have a Prick on. the Plot for every day more 
exactly ſet down, than could be done after the ordinary way by 
Courſe and Diſtanee, or Courſe and Latitude, eſpecially becauſe 
in lining the Plot, there are not, nor cannot converitently be 
drawn any more than the 32 Points of the Compaſs, vs. not 
half/Points, quarters, or (ingle Degrees. 
- :Bur/if you delice pot to ſer down every days reckoning (which 
isn6t neceſſary to be done) you may ſet down every of the ſums, 
as they are corrected by obſcrvation after the ſelf-fame manner. 

Qr you may add rogether all thoſe ſums, - and To the ſum total 
of the North Columns will be : 049 miles, and of the Eaſt Co- 
lumn 2 345 miles, . therefore in the. Meridian of the place from 
which.you depart,-; you may ſet down to the. Northwards of xhar 
placer3 04.9 milts;c which will fal} in the Latitude of 45 geg.*5 4 
w1,,almaſt, and from:therce in. that Pargllel ler deed ty 
to the Eaſtwards 2345 miles, and there. make a Prick for the 
place where the Ship then is the tenth of -Yaxch, and fo isall this 
Reckoning fet down at once. -. | : 
. If you keep Reckoning according to Afereater, it will be re- 
quilite ſorgetimes to ſurg up your Reckonings paſt, oanely, 'ſ0 
oftenas you make any: notable alteration in your Courſe , apd'ſo 
this Reckoning or any other may be ſer down, almoſt xs <q fy,on 
Htereator's Chart; the difference is, that here you mult often 
alter your Scale;becanſe.the deg., of Latitude on this Chers are oy 
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equal, bur grow greater and greater towards the Poles, Naw then 
the diſtance of two places ts-to-be meaſured by that part of the 
Meridian, which is intercepted between the Latitudes of thofe 
two places, Or if both places lie in one and the ſame Latitude , 
their diſtance is meaſured by a degree or other leſs gy taken 
about that Latitude ; namely, half above, and half beneath. 
Wherefore if you would make a Prick or Traverſc-point in 
HMercators Chart, anſwering to your reckoning forthe firſt day, 
namely, until che 2v9' of February at Noon, it appears by your 
Journal that Prick muſt be to the Northwards of the place from 
which you departed-5 275 miles,and to the Eaſtwards 5 754 miles, 
Now inſtead of the North or Soath Columns, you may more 
conveniently uſe the laſt Column but one, ſhewing ia what Lati- 
tude every account doth fall z and ſo it appears, that the Prick for 
the 20 of February mult be in the Latitude of 3.3 deg. 17 min. 
Therefore -in the Meridian 'of the Swmmers-T/lands from which 
you departed, make a Prick in the Latitude of 33 deg. 17 wn, 
and from that P:ick ſet down to the Eaſtwards in the fame Lati- 
tude 5 753 miles, arid where it ends is theTraverſe-point anſwering 
to the 20 of February - the like may bedone forthe 21 Day, 
and fo for all the reſt. This 58 miles may be taken in the Meri- 
dian from the Latitude of 3 2 degy. 22 wn. to the Latitude of 3 3 
deg. 20 min, or otherwiſe you may take the half of ir, which is 29 
_— about the middle between both Latitudes and double it, 
Bur it is ſufficient te ſet down the ſams of every two or three 
days account, or ſo often as there is any notable Difference in 
your Courſe. Thus if you would makea Prick m the Chart, an- 
ſwering to the 21 of Febraary being the firſt ſum, I ſee by the 
Journal, that it muſt be in the Latitude of 34 dep. 24 mis. and to 
the Eaſtwards of the place from which I departed 132 5 miles. 
Therefore in the Meridian of the place from: whence 1 departed, 
I make 2 Prick.in the. Latitude 34 degr. 2.4 min. and from thas 
Prick: I {ct .in the Tame Latitude ro the Eaſtwards t 32 52 miles, 
and: where it ends is the Trayerfe-point anſwering to the 21 'of 
Febrnary, being the firſt ſum. This 7 32 tiles may be taken inthe 
Meridian within, or a litrte withontthe ewo Latitudes, as befoce, 
namely, from 32 deg. 2.0 min, to 43 deg. 32 mn in 
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In like fart, if you would make a Prick for the ſecond ſum, 
being the 24 of February, it there appears that it muſt bein 
the Latitude of 3g deg. 36 min, and to the Eaſtwards of the Tra- 
verſe-Point laſt before made 430 miles; therefore in the Meri- 
dian of that Traverſe-point | make a Prick in the Latitude of 3 g 
deg. 36 min. and from that Prick I ſet to the Eaſtwards in the 
ſame Latitude 430 miles , and where that ends is the Traverſe- 
Point anſwering to the 24 Day, and the like is to be underſtood 
of all the reft. 

Now this 430 miles may be taken feveral ways ; for firſt, If 
I take one Degree about the middle of. that part of the Meridian, 
which is intercepted between the Latitudes of the two places (as 
from 36 deg. 30 min. to 37 deg. 30 min. ) and that degree ſeven 
times taken, is 420 miles, then about the middle, namely, 37 
deg. I take 10 min. more, and ſo have 430 miles. 

in like manner you may take two deg. or 120 miles to mea- 
ſure it thereby , which may be taken from 36 degrees to 38 deg. 
and the reſiduc about 3 7 degrees , as before, &c. 

Or you may take the half of 43o miles; namely, 215 miles, 
which is 3-deg. 35 min. which muſt be taken as before , about 
the middle ot that part of the Meridian which is intercepted be- 
tween the two Latitudes, and that doubled is 430 miles to be et 
ro the Eaftwards, as before, 

And thus may this or any other Reckoning be ſet down with- 
out knowledge of the Longitudes, but more aptly andexaRly by 
ſome Longitudes known, for then ſhall you have in the two laſt 
Columns the ſabſtance and principal ſcope of your Reckoning z 
namely , the Latitudes and Longitudes of all places, as you Sail, 
which may more ealily and exactly be expreſs'd upon this Chart, 
then the Eaſterly or Weſterly diſtances; Therefore how this 
alſo may be done , we will-ſhew , but fir ſomething touching 
the Compaſs, and the Variation thereof , which ought not to be 
negle&ed in a Reckoning. 


\ 
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CHAP. XL 


of the Variation of the Compaſſ, and how to redtifie 
a Courſe by the Variation known, 


-Mongit all the myſteries which God hath of. late years 
diſcovered to the World jor the furtherance of Navie 
gation, thete 15 none more neceſfary, nor Fet more 2dmi- 

 1able than the property of the Neegle touched with the 
L oad- ftone, whereby in the vaſt Ocean, where all Land-marks 
tail; yea even in the carkeſt-nights and cloſeſt weather, when nei- 
ther Sun nor. Stars are to be {cen the Mariner (as it were by a 
Meſſ:nger ſent from Heaven ): is taught which way to &irect his 
Ship; yea, as It Were accompanicd wich a guide rowards his 
delired Port. 

For the Needle touched, beſides other ſtrange properties, hath 
this, to point out in all quarters of the World, the North and 
South parts of the Horizon , and ſo having a Card thereto htced 
wich Kumbs and degrees, it ſheweth all points of the Cor paſs, 
and degrees of the Horizon. 

Yet very ſeldom exactly of it ſelf, without ſome farther Art and 
Induſtry ot him that ulerh it, tor though in ſome places ir ſwerves 
not, yet in moſt parts of the World the North and South- peints 
of the Needle have ſome YVarzation from the true North and South 
points of the Horizon to the Eaſtwards or to the Weſtwards, which 
how to diſcover in kind and quantity, we have ſhewed heretofore, 

It may be thought, (and ſome men, otherwiſe lcarned, before 
thts property was fully diſcovered, have iaid) that this ſhould be 
ſome biemith and imperte&ion in a ſtone ſo precions: but it is 
ſo far from being an 1mperfeRion, that it makes it ſo much the 
more precious. Yet (as I have ſaid) .not without the induſtry of 
hirn that uſeth it, Hethat is negligent or unskiilful ro obſerve 
it, eſpecially in long Voyages and various Courſes, may be led 
into many dangers by it, becauſe he frames not his mind to the 
Rute, but the Rule to his Mind, imagining it to be what it is not : 

and 
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and hence I ſuppoſe ſpraig that cuſtom of placing the Need!e 
or Wyars 2 point or halt point to the Eaſtwards oft the North. 
point of the Card, thinking by this means ro than the 1abour of 
obſerving the Variation, wi:ich indeed they might, it the Variz- 
rion were the ſame in al} places, and at all times ; bur becauſe it ts 
nor, this doth often increaſe the Errour, 

But he that diligently obſerves the Variation, finds (as I fay) 
no prejudice in it, only it requires datiy, or once in two or three 
days half an hours work , and this laboer it doth abundantly re- 
compenſe ; for by this means he knows at the preſent how to d'- 
re& his Courſe, and for the tuture, by thoſe notes which he keeps 
of the Variations and Latits ies by him obierved, he knows (com- 
ing that way again ) when he draws near to any of | thoſe places 
where ſuch obſervations were mad:, and {vo ta!!s the more certain- 
ly with any place intended. | 

There is further diſcovered of late a motion or alteration in 
the Variation of the Neeile, and this is ſcarce yet certainly dif- 
covered, But comparing the Variations which were obſerved g- 
bout fifty years paſt, wich the preſent Variations ; it appears they 
are leſſer Eaſterly, and more Weſterly by 6 or 7 degrees, thin 
they were at that time. For whereas the Variation hath formerly 
bzen obſerved neer Z9a9ox to be 11 5 aegy. to the Eaſtwards , 1c 
doth now ſcarce exceed 4 Degrees. And there is the like alteraty- 
on ( as I have heard by ſome Mariners( in other parts of the 
World ; which we now leave to the further diſcovery of time and 
induſtry, and come to thew how to re&ifie a Courſe by the V3- 
riation known. | 


The point of the Compaſſe «pon which you ſail, and the V a- 
rtation of the Needle known , to find the Rumb or De- 
gree upon which the Ship hath mate her way. 


T T is beſt that the-Veeale or Wyars be placed ditet!y under the 
- Flower-de-luce.,, or Neth and South points of the Card, and 

ſo in the Rules following we preſuppoſe them to be. Norv 
then'it is to be vnderſtoed, that the Needle having Variation 
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( as tor the moſt part it hath ) the Ship doth not make her way 
npon that Rumb or Point of the Compaſs, which the ſeems to fat! 
upon, buteither mere to the right hand or to the left, according 
as the Variation is towards the right hand , or towards the left , 
and that ſo much towards the one lide, or towards the other a5 
that Variation is : We ſpeak not here of Lee-ward way, but of the 
Variation only. Therefare for the ſolution of this Problem, you 
muſt know how much the Variation is, and which way z ang how 
this may be done, we have briefly ſhewed upon the 1 2 Caſe of 
r5ght angled Spherical Triangles , and the 11 of ob/5que , which 
known, you may find the Angle of the Ramb or line ot your ſhips 
way with the Meridian, being the thing in this Problems required, 
A Table of the Angles of every Point and half Point of the 

Compaſs with the Meridzan. 


__Y 


EG D. A. Hy = 
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- 
_ 


- 


- 
= 


The Sea-mans Pradice. 119 


For the effeRing whereof, we will ſet down two ways ; the 
one by the Pen alone, the other inſtrumentally. If you do it by 
the Pen alone, althongh it be net hard to find what Angle every 
Point or half Point makes with the Meridian ; yet for your fur- 
ther eaſe herein, 1 have expreſſed the ſame in the Table before- 
going ; the quarters of - Points I have omitted , becauſe the Stee- 
rage upon a quarter of a Point is very uncertain ( the Points be- 
mg undivided as uſually they are) for a man by his eye is able to 
gueſs very nearly which is the middle between two Points, but he 
cannot gueſs ſo nearly which is the fourth part. Yet if you de- 
{ire any quarter, you may add to the next beforc-going almoſt 
3 Degrees, namely, 2 Deg. 49 mn. 

New then by the Magnetical Rumb or Point of the Compaſs 
and Variation given, to find the true Rumb, you are to obſerve 
theſe two Rules following. 

i. If the Rumb and the Fariation be both the ſame way from 
the Meridian (namely, both te the right haud, or beth tothe left) 
add them together, andthat ſum ts the true Kumb from that part 
of the Aeridian. 

Yet of that ſum exceed go degrees, Snbſirat ir from 189 
degrees, the remainder is the Kumb frow the oppoſite part of the 
Aﬀeridias. 

2. If the one be towards the roght- hand, the other towards the 
left, Subſtratt the Variation from the Rumb, and the Remaznder 1s 
the true Rumb., 

Yet if the Rumb be the ſmaller number, Subſtratt it fromthe 
Variation, and the Kemainaer is the true Rumb the other way, 
TheſeRules we {hall endevour to illuſtrate by examplcs toliowing: 

But firſt for diſtinion ſake, we ſay the Rumbs or Degrees 
from the North towards the Eaſt, are towards the right hand , 
and fo from the South towards the Weft ; but from the North 
to the Weſtwards, on the.left hand, and ſo from the South Eaſt- 
wards : For a mans face being towards the North, the Eaſt ts - 
0A his right hand, and the Weſt on his left, &. 

In like ſort for the variation of the Compaſs, if it have Eaſterly - 


variation , that is , if the Needle and Flower-de-lnce of the _ | 
: ” and 
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ſtand to the Eaftwards of the North, we fay that YVarzation is to- 
wards the right hand, for not only the North-poirt, but all the 
other points of the Compaſs dirc&t a Courle more towards the 
1ight hand than they would do, it there were no Variation. And ſo 
it it have Weſterly Variation that is,it the Needle and Flower-de- 
lace ſtand to the Weſtwards of the true North-point of the Ho- 
11204, we ſay that Variation is towards the lett hand z foralmach 
as not only the North-point , but all the other points of the 
Compaſs ſtand more rowards the/lefc hand than *they would do, 
if there were no Varzation, This being premiſed , we come to 
give Examples of the two Rules betore-going, : 

1, Let the Magnerical Rumb.or- Point of the Compaſs be 
North-eaſt, and the Variatiox 10 degrees to the Eaſtwards , [ 
demand the true Kyumb ? 

. Here the Rumb and Yariation are both one way ; that is, boil 
towards the right hand ; therefore, 
To the Magnetical Rumb being N. Eaſterly ! 45 deg. o my. 


Add the Variation Eaſterly | 10 dep. © min, 
The ſam is the true Rumb N. Eafterly F5 arg. © min, 


2. Admit a Ship fail upon the North-point of the Compal, 
and that the Variation be 10 deg. to the Eaſtwards, how doth 
ſhe make her way ? x 

The Magnetical Rumb is North, that is, 00 dg, O Min. 

To which adding the Eaſterly Variation .  * 10 aeg. c mir. 
The ſum is the Angle from the North-part 

of the Meridian to the Eaſtwards 

Which is almoſt 1V. by E. and ſo hath the Ship made her way. 
3. Let the point of the Compaſs be Eaſt 5 point Northerly, 
that is, from the North to the Eaſtwards 7 + points, which is $4 
deg.22 min.and the Variation as before 1 o deg.to the Eaftwards, 
I demand the true Rumb ? | 
To the Magnetica! Rumb being North-caſt, 84 deg. 22 mis. 


Io aeg. O Win, 


Add the Eafterly Variation _ i 10 deg. 00 win, 
Lhe ſum is the Angle from the North \ 94 deg. 22 mm, 
Which. ſubſtraed from * 180 dep. 00 min, 


There reſts the true Rumb South-eaſterly 85 dep: 38 #:in, 
4 £Ex- 


& 


= 
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4 Example. Let the courſe by the Compaſs be Welt and by 
South, thar is 7 points from the South to the Weſtwards, or 78 
deg.45 min. and let the Variation be as before to deg.to the Eaſt- 
wards, what is the true Rumb ? | 

To the Magnetical Rumb South #eſterly 78 aeg. 45 min. 

Add the Eaſterly Variation I 0 deg. 0c min. 

The ſum is the true Rumb South Weſterly 88 aepg. 45 min, 

You miy conceive that the Rymb and YVarzation are here both 
one way , namely, both from the Meridian towards the right 
hand. For the Variation of the North-point is from the North 
towards the Eaft, 'and conſequently of the South-point from the 
South towards the Weſt, both towards the right hand ot the e- 
r14848, as the Kumb is. | 

5 Example. Let the Courſe by the Compaſs be Weſt, that is, 
from the £exth to the MWeſtwards 8 points or go degrees, and Jet 
the Variation be as before 10 deg. to the Eaſtwards, I would 
know the true Courſe or Kum ? 

To the Magnetical Rumb South-w<ſt 90 deg. oc min, 

Add the Variation Eaſteyly 1 © deg. co min. 

The ſum is the Angle with the South gr 

part of the Jeridian : 

Which ſubſtraRed from 180 dep. 00 min, 

There geſts the true Rumb VV. Weſt 8c Grp. 00 min. 

Let the Courſe by the C:3w54ſ5 be Weſt, that is from the North 
to the Peſtwards 8 points or 9 © degrees, and Jet the Variation be 
10 deg.to the Weſtwards ; I demand the true Rumb ? 


100 arp. COU mm, 


To the Magnetical Rumb N, Wet go des. 0 min. 
Add the Variation Weſterly TO dep. ©O min. 
The ſum is. CO deg. CC min, 
W hich ſubtraRted from I 3C deg. 09 mn, 
There remains the true Rumb S. Weſt 80 deg. 00 min, 


ObjeS. The Magnetical Rumb being here Weſt 90 deg. why 
ſhould it not as wel] be counted from the Soxrh 3s from the Nerth ? 
Anſw. It may be counted from ether ; for as it 15 counted here 
from the North to the Weſtwards , it talls under the fi:lt Rite, 
| becaule 
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becavſe the Variation is the ſame way : But if it be reckoned 
from che South to the Weſt wards, it falls ander the ſecond Rule, 
whereof we now come to give ſome Examples, ſappoſing theſe 
already given ſufhcient to illuſtrate the firſt Rule. 

> Example. Let the Point of the Compaſs beN NW, and 
the Variation © deg. Eaſterly, I demand the true Rumb : 

From the magnetical Rumb NW 22 deg. 30 min, 

Subſtraf the Eafſterly Variation 10 deg. 00 win, 

The Remainder is the true Rumb N W I2 deg. 30 wn. 

8 Example. Let the Point of the Compaſs be North, and the 
Variation Eaſterly 1 o deg. what is the true Rumb ? 

From the Eaſterly Variation Io deg.00 15, 

SubſtraR the magnetical Rumb N W 00 deg. 00 mn, 

The Remainder 1s the crue Rumb, 

the other way,. namely, N E 

O5je#. The magnetical Rumb may as well be named North- 
eaſterly © deg. 0 mn. 

Anſ. Itrmay, but then it is ſubje& to the firſt Rule, as in the 
ſecond Example, 

g Example, Let the Courie of the Compaſs be Weſt, that 
is, trom the Northto the Weſtwards 8 Points or go degrees, and 
let the Variation be as before 1 © Degrees to the Eaſtwards, what 
is the true Rumb ? 


10 deg. OO Mm, 


- From the magnetical Rumb N W 90 deg. 00 min. 
Subſtract the Eaſterly Variation IO deg. 00 min. 
There reſts the true Rumb N W 80 deg. 00 min. 


Here the magnetical Rumb might as well have been South- 
weſterly 90 degy. and ſo it had fallen-under the firſt Rule, as in 
the hfth Example. 

10 Example. Let the Courſe by the Compaſs be Weſt, that 
is, from the South to the Weſtwards 8 Points or 90 Degrees, and 
let = Variation be 10 Deg. to the Weltwards, I demand the true 
Rumb ? 


From the magnetical Rumb S W 90 deg. OO min, 
Subſtraft the Weſterly Variation 7 © deg. 00 min. 
T he Remuinder is the true Rumb SW $0 deg, 00 wr. 


It 
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JF. the 'Rumb here 'had been: reckoned from the North, ©in 


. 


h le, it had fallen nnder the firſt Rule, / 
_— _— ſuffice for the:lWaſtration of the two forme: 
Rules in the ſolution of chis Problem. 


« . 


The..ſame may-alſo more eaſily: be reſolved , by-(uch ao In- 
ſtrument as is here deſcribed , conliſting of two Circles, the 6nc 
being the nethermoſt divided into four Quadrants', | and every of 
thoſe into go deg. numbred from the North and South Points , 
towards the Eaſt and Weſt. ' ' * de p= 

The other. beingtho uppermoſt and maveable about the Cenerer 
divided as the Card of the Compaſs into XXX1I Points, and 
theſe again ſub-divided into halves and quarters. 

R 


By 
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By this. you may readily find: the true Rumb far any:Courſe 


and Variation given. 3 Llc (4s | 5 x2 02 

For if you turn the North Point of the upper Circle, from the 
North.Point of the lower, - fo many deg: andthe ſame way that 
the Variation is , and then look i the ſame upper Circle for the . 
Magnetical Courſe or Point of *uR Compals propoſed, you ſhall 
find right under it in the NFfthegrCicehewhat number of degrees 
the ſame is diſtant from the- AZ or SÞoiors of the true Meridian 
rowards the E. or w:which is the true RumKhere required, 

As ſuppoſe the Variation to be 10 deg. FEalterly, and the 
Courſe by the Compaſ« Eaſt half a Point Northerly, and there 
be required the true Rumb, ap 

turn} the North Point of the upper Circle from the, North 
Paint of the lower 10 deg. to the Eaſtwards, and then I lgokiin 
the apper Circle, for Eaſt half q Point Northerly, and right uns 
derir in the Nether Circle I find 85 4.and about one half,numbred 
from the South Part of the Meridian towards the Eaſt, therefare I: 
conclude that the true Rumb. '<d.is from. the South towards 
the Eaſt, 85 5 deg. and ſomethi, ® rc. . 

By this Inſtrument alſo (if yyu uſe the Pen only, as before we 
have ſhewed ) you ſhall readily ſee when to add, and whento 


ſubſtraR. 
| CHAP. XI, 


"_oy 


To the difference of Longitude in Minutes. © © 

As let the Rumb be North-caſterly 48'deg. and ſuppoſe a Ship 
ima ppontiie Rixab, frem: the:Lamude of: 32+ dey. 2 5 wn. 
biz , 109 VAAK vn alrqmed oil To bro wo mee 
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into the Latitude of. 34 aig. 24 man. - theres Yequrel. the Uitfe- 


rence of Longitude, 1: Here , TOR 
The Meridional parts anſwering eo 34 dey. 24 min. © 
_ The Meridional parts for U32. > $5: 2058 
| "Thenkfſerencs of Latitude in Cuch parts is. : Ns 7 


Say then, as Rags is In proporiton - - - i (TLLOE 

'To the Tangent of the &vwhs, ty 48: degs ſe hs. "20.0456 

' $0 the difference of Latitude in Merid: parts 142 '2t5 273 

To the diffcrence of Longitude in Minutes 158 2.1979 
' Theſe Minutes converted into deg. are 2 deg. 35 min. which 1s 
the difference of Longitude required, as the fame is expreſſed i in 
the Journal againſt the 21 of February. 

And thus ſailing upon one and che ſame Romb-, you may find 
the difference of Longitnde; and ſo often as you aker your'Rnmb, 
ſo often working by the ſame Rule, you ſhall have all the diffe- 
rences from place to place, which added together , make the 
whole difference of Longitude. 

But you may alſo find the difference of Longitude neat enough 
at one operation for many ſeveral Rumbs and Diſtances, provided 
that thoſe Rumbs ditfer not much one from-another. As in the 
former Journal from the 27 of Februafy , til! the 2 of Afarch, 
I fail by ſeveral Rumbs and Diſtances from the Latitunde of 43 
deg. 55 min. into the Latitude of 43 deg. if you would find the 
difference of Longitude hereto anſwerable at one operarton , it 
may be done by this Roles. of 

"As the difference of Longituden Miles, IO 97 

ts ro the departure from the Merlin irr Miles: 

So is the difference of Latitude'in-Meridional parts . 

-Tothe difference of Longhude in Mintres. © © 

As in+that. Bkample:'the differente of Laude for all thoſe 
Courkss, as in the North Column appears, B2444; ep 

\ The departbre from the Meridian, as there 1 in the Eatt Column 
appears, is 63OTr. | 

The Merid, parts for the Latitude of 43 The 55 mw. ate-2939 

The Merid. parts for the Latitude of 5 8 deg. © ”, Ic 3292. 

Difference of Larirude in 4s parts," is © 353 

Say 
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Say then, As the difference of Latitude 2.4.44 ©. ar. 6.6119 


To the departure from the Meridian 630r 3.7994 
So the difference of Latir.in Merid. parts 35 3 2.5478 
To the difference of Longitude in mi. gt 0 2.9591 


Which reduced into degrees, is 15 deg. 10 min. And added 
ro the former Longitude 2 1 deg. 28. min. gives the preſent Longi- 
tude 36 deg. 38 ws for the 2 of Aﬀarch. 

The. like. may be done for the account from the 2 of Afarch, 
tathe 5 of the ſame, &c 

But it your courſes and Diſtances run , be all near to one and 
the ſame Parallel or Latitude ( as in this Journal they are from 
the 5 of Afarchto the 8, and fram the $ to the 10, ) then it is 
ſuftcient ro find what Longitude in that Parallel is anſwerable to 
the. miles of Eafting or Weſting, or departure from the Mert- 
d1an by this Rule , vy 

As the Sine Complement of the Latitude of that Parallel , 

Is in proportion to Radzr ; 

Sois the Number of Miles in that Parallel , 

To the difference of Longitude in Minutes. 

As from the 5 of .Afarch, to the 5, the Latitude was near 50 
deg. the Ealterly diſtance 186 72 miles : therefore for the diffe- 
rcace of Longitude, ſay: . 

As Sine Complement the Latitude, 5.c. 50 deg. o min. 1919 

_ To Raine, | 1451-3 

So is the departure from the Meridian 186 $8 27323714 

To the difference of Longitude 290 6 3.4633 

Thus it appears, the difference of Longitude is almoſt '291 
mr. Which is 4 deg. 5 1 min, and this added to the Longitude vpon 
the 5 of arch, namely, 10.46 deg. 52 mw. the ſum is 57 deg. 
4.3 win, the Longitade upon the: 8'0t Afavch - the like'might be 
done for the 10 of March.  - 3 # 13 

And thopgh, this laſt rule be then ficteſt ro be uſed, when your 
Courſe is near Eaſt and Weſt, or your difference of Latitude 
lictle, yet tt may alſo, be uſed at other times inſtead of the two 
jormer, without any great Ecrour , it you take the middle degree 
of Latude, or ſornewhas impre; a5 iD the formet Example,. 


r 
. # ». 


The 


The Sea-mans Pradice. 127 


The Latitude upon the 27 of February is 43 dey. 55 min. 
The Latitude upon the 2 of Afarch is 48 deg 00 min, 
The middle Latitude or ſomewhat more is 46 deg. 10 wine 
Say then, as fine Comp. the Latitude 5. e. 46 deg. 1m. 1595 
To Radies, 

So the Eaſting or departure from the Merid, 630 1 3.7994 

to the difference of Longitude, Y09 7 3.9539 

Which is altooſt 91 o ww44 or 15 dep. 10 mix. as before, 

And thus you may in the 12 ard laſt Column ef your Jour 
nal fet down your Longitude ſo often as you think is requiſite ; 
and ſo in the two laſt Columns you ſhall have the ſubſtance and 
principal ſcope of your reckoning , namely, your Latitudes and 
Longitudes, which whenſvever you delire to ſet down in 2erca- 
tor's Chayt, or in the Polay Chart, or in any other,graduated with 
Deg- ees of Longttade and Latitude, you may readily do it. 

As if you would ſet down the ſum of the torcſaid Journal from 
the 19 of February to the 1 o of Afarch, | find againſt the 10 of 
AMarch the Latitade to be 49 deg. 54 min and the difference of 
Longitude 5 4 deg. 5 3 99in. Therefore in the Laticude of 49 deg. 
54 mn. | draw an occult Parallel, and reckoning trom Summers- 
Iſlands towards the Eaft 5 4 deg. 5 3 win. I draw by that Longi- 
eude an occult Meridian , the Interſeion of this Meridian with 
the foreſzid Paralle], is the Traverſe-point, or the point repreſent- 
ing the place of - the Ship, and the like is to be underſtood of any. 
other. 

This form of keeping and expreſſing a Reckoning, 1s ( as I. 

conceive) moſt apt and agreeable {of all others that I have ſeen or 

thought upon) to all ſorts of Chares or Maps, and to the Globe it 
ſelt; and ro all the kinds or ways of Sailing, that zre or may be 
uſed. We will kece add ſome: other Propoſitions which may 

ſometimes be of good and neceſſary uſe 1n it. . 

The Rumb and Difference of Latitude given, to find by the Table, 
the Diftance in the knmb, and the Departnre from the Aeriaze 
an thereto anſwerable, &c. ; | 

Ow to find the Nerthing or Southing, that is, the Diſtancg 


"KL: in-Eatitude ; as alſo the Eaſting or Welſting, that is,the Dz.. 
Rancg : 
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ſtance in Longitude, or departure from the Meridian of any + 
Ronmb, for any diſtance run upon it, we have before ſhewed, the 
like operation is in theſe Propelitions following : namely, 

2. The Rumb and Diſtance 4 Latitude given : to find the Di- 
ſtance in the Rumb, and the Eaſting or 1 eſting. DO 

3. The Diſtance and Difference in Latitude given : to findthe 
Departure from the Meriaian and the Rumb . | 

4. The Difference in Latitud:, and Departure from the Ade- 
ridiax given : to fiadthe Conrſe and Diſtance, 

5. The Courſe aud Degartare from the Meridian given : to find 
the difference of Latit#le and Diſtance, 

6. The Dist ance aud Departure from the Meridian given: to 
find the Courſe and Difference of Latitwat. | 

So that with the firſt before. handled, here are fix Propofiit- 
ons,and in every on: of them two things required, and ſo they be- 
come 12. We will nut ſtand te give exaraples of thera all, but only 
cf thoſe which are moſt uſeful, the ret may by thera be conceived, 

And firſt , ro: find the Eaſting or Weſting of any Rumb for 
any difference of Latitude, | | 

Admit a Ship run North-eaſterly 60 lg. (that is N E by E, 
and aimoſt half a point Eaſterly) till ſhe have altered the Latitude 
42 #1in. how much is ſhe departed from the Meridian ? 

I rua down the Column under 60 aeg. till I find 42 Miles, or 
420 tenths, and againſt it in the adjacent Column I find 728 
tenths, that is almoſt 73 Miles, which is the departare from the 
Meridian to the Eaſtwards. - 

If you would alſo have the diſtance upon the Rumb, it is right 
againſt theſe numbers in the Column of Diſtances, being in this 
Example 84 Miles. | ah Get, 

2 Example. Bur admit ſhe run North-eaſterly 6a aey. till ſhe 
alter her Latitude 1 deg. 32 min. what is the, Eafterly diſtance ? - 

This 1 des 32 min. is 92 Miles, or 920 tenths, for which if { 
look in the Col. under 60 4. I find no number 100 500. 866 
ſo great, but the greateſt number there is 5o0c, . . 84 420 728 
which ſubſtrated from 920 , there remains RE. * 
420, therefore in thar Column under 69 deg. 184 929 194 


.» = 
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I look for thefe two numbers, namely, 5 00, and 420, and 
againſt the firſt in the adjacent Column I. find 866, and againſt the 
ſecond 728, which I ſet againſt them as above appeareth, and ſo 
adding them, | find for this difference of Latitude, the departure 
from the Meridian to be 159 7E Miles, 

If further you defire the diſtance run upon this Rumb, you 
have it in the Column of Diſtances, right againſt the ſame num- 
bers, as.in the. Example above appearctk, where being addcd, 
it amounts to 1 84 Miles. 


T he Diſtance and Difference in Latitude given: to find the 
Ramb and departure from the Meridian 


Dmit a Ship run upon ſome Rumb between the North and 

'K the Eaſt 84 Miles, and then have altered her Latitude 4 2 
»sx, the Queſtion is, upon what Rumb hail: ſhe run, and how: 
many Miles-is ſhe to the Eaſtwards in Longitude ? 

Trun crofs the Table towards the right hand, looking in every 
ficſt Column-of Diſtances fox 84, ill | find againſt it in one of 
the adjacent Columns 420, at the top of which Column over 
420, there is 60 Deg. ſhewing the Rumb to be North-eaſterly 
60 D. alfo againſt 420 in the adjacent Column | find 728, which 
ſheweth the diſtance to the Eaftwards to be almoſt 73 Miles. 

2 Example. Bat if the diſtance run be 184 Miles, and the 
difference of Latitude 1 deg. 32 mix. and there be required the 


- Rumb and Diſtance to the Eaſtwards. 


- Becaufethe Column of Diſtance extends but to 100 Miles,and. 
the diſtance here givents-1 $4 Miles, you may take the half there- 
of, which is 92 Miles, and likewiſe the half «f 1 deg. 32 min. 
which is 46 Miles, or 460 tenths,and then look, as betore, where 
you find-460 againſt 9 2,. tor there in the rop of rhe Column you 
ſhall fiad the' Rumb, which in this-example is 60 deg: ſhewing 
that the Rumb is from the N. eaſterly 60 deg. andin the adjacent 
Column againſt 92 and 460, you fhall find7 g7, which doubled 
( becauſe + is for the-half )1s/1 5944, ſhewing thar the departure 
fromthe. Meridian to the Eaſt wards is 25 972 Miles. Theſe and 
the reſt may alſo be performed: by the DefFrine of plain Trian- 
Fles, as we have formerly ſhewed. CHAP. 
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CHAP. XIl. 


Certain Problems tomching Carrents. 


Lrhough the time be already expired which | aſſigned for 

this Wark, and mine own more urgent occaſions call me 
away, yet ſccing it is neceſſary in Navigation to take 
notice of Currents, and to make a competent allowance. 

for them : 1 will briefly ſer down certain Problems, ſuch as [ 
have ſometimes thought upon , whereby a man ray the better 
conceive and judge of that allowance, the rather for rhat I know 
not any that have handled it. | 

Firſt -then, it is to be conceived, that a Ship or other Veſſel 
Sailing or Rowing where there is a-Current, bath a compound 
motion ariling of rwo different Principles ; namely, of the Cur- 
rent and Ships way, fo that here are three motions'to be conlide- 
red, -narrely, two fimple, and the third compounded of them, 
The-firſt ſimple motion is that of the Current, whereby it mo-. 
veth, and is apt to move other things that are in it the ſame way. . 
The ſecond, of the Ship or Boat, as it moveth by Wind or Oars, 
or is apt to be moved, if there were no Current. The third, com. 
pounded of them, is the Line of the Ships crue motion. The firſt, 
we call the way or motion of the Current : The ſecond, the way, 
or limple motion of the Ship : The third, her compound or true 
way. The two (imple motiens bring eirher of them according to 
right Lines and uniform (as in the Problems following we ſuppoſe 
them to be.) The third alſo, which is compoſed of them, is a right 
Live; for whether the Ship ſail direly oppolite againſt the Cur- 
rent,or diretly with it the ſame way,or whether the one croſs the 
other at right Angles or at oblique , yet (tif either motion being 
dire and-unitorm,they both togetber beget a right lined uniferm 
motion, -becauſe the one retaineth-ro the other the one and the 
ſame proportion in every Point : And according to theſe grounds 
we proceed inthe Prob, following, to determine the proportions 
of every of theſe. motions, and the Angles which they make one 
with another, | In Ad- 
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1; Admit a Current run Eaft 3 Miles an hour, and that a Ship 
wander Sail run Weſt direfHly ag ainſt 5t 6 Miles an honr #n het 
ſomple motion, what is her true or cemponnd motion ? 


From the Ships ſimple motion - 6 miles 
Subſtra& the Carrent 3 miles 
The Remainder is the Ships true motion 3 miles 


So the Ships true way isto the Weſtwards 3 miles an hour. 
2. Aaunt a Current run Weſt 6 Miles an henry, and that a Ship 
' wnder Sail run diretly againſt it 5 Miles an hour by the Log - 
what is the Ships compound metion, and which way ? 


From the Carrent being the greater 6 miles 
Subſtract the Ships limple motion 5 raffes 
There remains the Ships true motion : mile 


Which 1 mile ſhews, that the Ship by her compound motion 
falls a ſtern, that is, moves to the Weſtwards 1 mile an hour, 

In the experimental PraRice of the two former Problems, it 
may ſeem, that a Ship or Boat ſo ordered, hath alſo a motien to 
the right hand or to the lefr, but this comes to paſs, becauſe it is 
hard, and in a manner impoſſible, ro ſtem a Tide or Stream fo 
exaQly, but that the Ship will ſwerve (or yaw as they ſay) ei- 
ther to the one (ide or to the other. 

3- Aamit a Carrent run Eaſt 3 Miles an howr, and that the Ship 
alſo run Eaſt 3 Miles an hour by the Log : what 5s the Ships 
true m9tion ? : | - | | 


To the Ships ſimple motion . 3 miles 
Add the Current RIES 3 miles 
The Sum is the Ships true motion 6 miles 


So the Ships compound or true way is 6 miles an hour, 
4» Admit a Current run Eaſt 2 Miles an hour, and the Ship South 
. 6 Ales ant hour : what is the Ships true motion,and which way ? 
In handling of any Art, to avoid circumlocurien , there are 
uſed Terms or Words of Art, ſerving to expreſs briefly the things 
handled. And -foraſmuch as this SabjeQ hath- not been. formerly 
handled, nor the Principles or Grounds thereof laid (fo far as 1 
know) we will add a few ſuch terms as may feem moſt neceflary, 
expreſſing here what we mean by them. Cs C 
S X e 
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| Let the Line A B runfrom- ta the South-- 
wards,and B D from B to the Eaſtwards,and lct 
AZ bein proportion ito BD,as6t02,0r 3tor. 
Then doth A B repreſent the line of the ſhips 
ſimple motion, B D the motion of the Current, 
and A D the compound motion of the Ship. 
And DAZF is the Angle contatned between 
the line of the Ships fimple motion, and the line 
of her compound or true motion, which for 
brevity fake we will hencetorth call the Azgle 
of Deſieion. Alſo A DB is the angle contained 
b: tween the line of the Ships compound motion, . 
A\ andthe ſet or drift of the Current, which we 
call the Angle of Reflettion. 4 
Laſtly, AB Dis the angle. contained between the line of the 
Ships (imple motion , and the (et of the Current, which we will 
call the Awgle of Incidence. 
Then for the Ramb, the proportian is thus, 
As the. ſimple motion A B 6 miles C0. Ar, 9.2219 
[s-to the Current BD 2 miles 0.3011 
$0 is Radu | | 
tothe Tangent of DefletioneDAB 18 deg. 26 min. g.5230 
So the Rumb upon which the Ship makes her way good is 
South 18 deg. 26 min. Eafterly, thatis, SSE 4 deg. 4 mix. 
Southerly. K 448 
| 2. For the Ships true way, or compound motion. 
As the Sine of the Defletion s DAR 18 deg, 26 min. 0.5000 


To the Current DB : milcs O.JOIL 

So Raaius | — 

Ta the true. motion _- ADs 22 \... ©:80x1 

Fo the Ships compeund mation is 6 75 miles hourly, that is, 
62 miles almoſt. 


5. 4 Ship ſails Weſt 5 days together by the Log. 725 miles, but 
there is 4 Current, all this while ſetting to the Southaards 

1 > miles an baur : 1 demand how ſhe hath ſailed and how far ? 
The Curvent ſettigg 1 } miles an hour,fers in 5 days 1 80 miles: 

' Therefore , Sy | As 
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As the fimple motion AB 725 miles 7.1397 
Is co the Current DB 180 miles 2.2553 
So is Radims | = 


To the Tangent of Defletion e DAB 134. 57 ” 9.3950 
We For th: Diſtance. 
As ſine compl. the DefleRion s6 DAB 13 4. 57 m. 0.0130 


Is to the fimple motion * AZ 725 m. 2.8603 
So is Radin 27 
To the compound motion AD 747 miles. 2.38733 


So the Ships true way 1s Weſt Southerly 13 d-g. 57 mn. or 
Southweſterly 76 drg..z min, 747 miles, 


6, AShip ſails Weſt 5 days together by the Log. yi 5 mules, in a 
Carrent ſetting tothe Southwards , and then finds that he bath 
altered his Latitude 3 degrees; 1 demand the motion of the 
Carrent, the Rumb and true way of the Ship ? 


This Queſtion differeth lictle from the former , for ſeeing the 
difference of Latitudes is 3 deg. the motion of the Current is 1 80 
miles : ſo there is given the Ships fimple motion , and the motion 
of the Current, as before, &c. 


7. A Ship in 6 hours ſails from a certain Cape or Head-land South 
30 miles by the Log, in a Current ſetting Eaſterly, and then ob- 
ſerving the ſame Cape, he finds that it bears NNW , 1 de- 
mand how faſt that Current ſets, and how far he bath ſazled ? 


As let a Ship ſail from A towards B Sonth 3o mites, bur by 
means of the Current, the is driven more Eaſterly, namely to D, 
from whence ſetting the Cape A, itis found to bare XV Vw, 
And ſeeing the Current ſets from B towards D Eaſterly ; there- 
fore the angle of Retletion B DA is 6 Points, that is, 67 dep. 
30 mn, Here then is demanded the diftance A D, and the dritt 
of the Current in that time B D. 

As the fine of the angle of Refletion s BDA 67 4d zo m. 0344 


To the limple motion of - the Ship A B 30 miles 1.4771 
So the line of the angle of DefleAion 5DAB 22 4.30 mw. 9.5736 
Tothe motion of the Current of as: IT ro851 

> 2 And 
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And farther, 
As the ſine of the Angle of Refleftion + B DA 67 4.30 9.0344 
To the diſtance run by the Log 4 B 3o miles, 1.4771 
So.is Radim 
To the compound motion of the Ship A D 32 7245 | 15115 
And thus we fiud that Current to ſet 12 +2& ; that is, near 125 


miles in fix hours, and the diſtance run to be 32 4 miles almoſt. 

That the thing may be better conceived, we will uſe two or 
three Examples more familiar and obvious to every mans expert- 
ence ; yet grounded upon the ſame Principles and Reaſons. 


3. Admit that Tvlis-ftairs bear from Billinſgate-ſtairs South- 
weſt Southerly, namely, South-weſterly 40 degrees , and be ai- 
ſtant 80 Poles ; and ſuppoſe the Tide of ebb to runthere Eaſte 
ward : * Miles an hour, and that a pair of Oars, rowing 4 : 
Miles an honr, would go ſtraight over from the firſt to the ſecond - 
How feall they row over , namely, upon what degree or Foint of 


the. Compaſs, and how far ſhall they row to get thither, and in 
what time ? 


DP 


—_ 


Let A repreſent Bills1ſgate ſfbairs, D Twlis-ſtairs, A E 
th 
fimple motion of the Beat, E Dthe motion of the Current "ms 
is Athe Angle of DefleRtion, E the Angle of Incidence, D the 
Angle of Refletion.130 deg. or 50 deg, — | © 
As the ſimple motion of the Boat A E 4 © miles 


, 34579 
k to the motion of the Tide DE 2 } mil 4+ 

So the Sine of RefleRion - Dss o dep 4 Be 44, 

. To the Sine of DefleQion \ A523 deg. 3m. 9.62898 

Thus then the Poſition from A to D, being bouth-weſterly 40 


dep, 
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deg. and the Angle of DefleRion A 2 3 d. 3 m. the poſition from 
A towards E, is South-weſterly 63 4d. 3 1m. that is, W $ #, Sou- 
therly. And ſo muſt theſe Oars row to go ſtraight over. 


Secondly, for the Diſtance AE. 


From the Angle of Refle&ion D 5 © eg. 00 min 

Subſtra& the Angle of Defleion A 23 deg. 03 mite 

And there refigghe Angle of Incidence E, 26 deg. 57 min. 
As the Sine of Incidence $sE26 4.57 mw. 0.34370 
To the true Diſtance A D 8o Poles 1-90309 
So the Sine of Refleion s£ D 5.0 deg. o min. 9.33425 
To the {imple motion AE 135 74 Poks. 2.13104 


Laſtly, for the time , ſeeing 30 Peles make a Mile, and they 
row 4 # Miles an hour, it is 1440 Poles i anthour : ſothe pro- 
portion 15, | CREE: FE 


As the {1mple hourly motion © 1440 6.8416 
To the (imple motion-before found © - 13578 22-1310 
So 1s an hour in Minntes, namely; . Gomim. 11.7784 
To the time required in Minutes, ox 10-1 "047507 


Ando long will they be Rowing over, 


9. But ſuppoſe they will row harder, to go a ſhorter cnt; namely, to 
go Southweſt by Weſt : How faft muit they gorovow fir aigis 


' over, and how far, and in what time ? 


Then ſceing the Propoſition from A'to Dis South-weſterly 
40 deg. and Southweſt by Weſt is Somth-weſterly 56 deg. 15 w 
therefore the Angle of DefleQien at eA,is 16 deg..1 5 mn. the 
Angle of Refleion D as before, 5 0: deg. © mix. the Angle of In- 
cidence E is 33 deg. 45 min. of on! 

As the Sine of DefleAion s A 16 deg. 15 mime _ AS F3I 
Zothe motion of the Tide DE 2+ Miles 0439794 
Sothe Sine of the Angle of Refletion D5od 0m. 9-388425 
To the fimple hourly motion of the Boat AE 6 7325. 0.83539 
_ * And ſuch is the hourly motion of the Boar, namely, 6 7552 
Miles in an hour. ns, Secondl), 
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Secondly, far.the ſimple motos, 


As the 'Sin& of 'Ihdidence SE 23d. 45m. _'\  Q:25516 
It to the rrue diſtance ; 4D 80 Poles 1.90309 
So the Sine of RefleQion D 50 deg. 0117: . 9.88425 
To the ſimple motion A Z-1 1d x5 Poles © - 2.04260 


++ Thas it appears they maſt Row 110 73.Pgles toge over, 
Laſily, for the time. 
The hourly motion before found 6 553% redyged 


into Poles, 1s 2190753 
As the ſimple hourly motion 2190 6.65956 
Is in paoportion toan hour, or 60 mm. 1.77815 
So'is the ſimple motion before found 1x0 75 2.94260 


To the time required i '-* . ©. 37555 199. 0.48031 
' "| And {along will they be Rowing over,. . 

10; But admit a Sculler Rewing 3 miles an hour , would croſs 
ftraight over at the fo ame tine, Kpoll what Pont muſt he row, and 

how far to get thither, and in mbat time will be do it ? 

; *- *Firſt, For the Angle of Poſutos. 

Asthe hourly\moetion of the Boat e A E 3 miles 9.52288 
To the ſine of ReficRion Ds 5odeg. g.88425 
So is the hourly mation of the ſtream D E 2 ; 91m. 0.39794 
To the Sine of Defle&ion As 39 deg. 40 mn. 9.80507 
Now ſceing the polition for B:Uingſgate to T alle-ſtasys, name- 
ly from Xro Dis by ſuppolition ro the Weſtwards of the 
South 40 deg. and the angle of, Defletion A is here found to be 
39 deg. 40 min. therefore the poſition from A to E is from the 
South ro the Weftwards 79 deg. 40 mn. which is W and by S, 
and almoſt 1 deg. Weſterly, and ſo muſt that Sculer row to go 

Nraight over. Secondly, For the diſtance A E. 
From the angle of Refleion D go deg.oo min. 
SubſtraRing the angle of Deflefion . 4 39 deg.qo min. 
| Thetereſts the angle of Incidence E 1 0 deg.2 © wn, 
As the Sine of Inciderice 5s ZE 10 deg. 20 min, 274624 
To the true diſtance -* AD 80 Poles 1.90309 
So is the Sine of RefleQtion xs D 50 deg, o min, 9.88425 
To the ſimpleodon AE 341 r$ p. "+1 "IIS 3 
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And thus: it appears, that though the diſtance of the two 

places be but 8o Poles, yet if according to the Queſtion, he row 

but after 3 miles an hour, and the ſtream ſer after 2 + miles an 
hour, then he muſt row 341 7£$ Poles to go ſtraight over. 


Laftly, For the time. 


Three Miles is 960 Poles, ſay then | | 
As the ſimple hourly motion 960 > .,"7,01773 


To the (imple motion before found 34175 2.473359 
So is an honr in minutes, namely 60 man, 1.77515 
To the time required in minutes _, 21. 73S. 1:32 946. 


And thus it, appears, that the tirge requiſite; rerow.oyer, rowing) 
3-miles an hour, is 21 735 minutes, wl excas we found before, 
that rowing there 4 + miles. an py. might row over.in 5 754; 
minutes, whieh is little more than a fourth part of the time. . 
There might be other, and that great variety of Queſtions of 
this nature propoſed and reſolved , many,of good uſe in praftice, 
which the Water-men by daily experience without other Rules, 
are abſe to guels at ſomething nearly, ſufficing for their occali- 
ons : My intent in theſe is/eſpecially to explicate the compound 
motion of a Ship, or other Veſſel, Sailing or Rowing where there 
is a Current, which by ſuch familiar Examples may ſeem more 
evident, 1 cannot inſiſt upon them by reaſon of my other oc- 
calions, nor ſpend that time in theſe here, handled, which elſe 1 
ſhould have done., whence if any defe& or miſtake ſhould ari 
if the Reader be Mleaſed to plve me friendly netice of.; s , -1 N 
as thankfully accept it, and reform it. We purpoſe next a Que> 
ſtion at Sea , which let be this : Rh _ 


11. There 114 (wrent at Seq ſetting Eaft 12. miles iu 2.4 hours, 
4 Ship ſails in the ſame from a tertain Port Weſf Sonthweſt 6 
days, and then returning theuce, and [ailing NE. and by. North 
3 days, fails with the Port from whence he fel ape ed, T demand 
what his dead reckoning was outwards, and what back again , 
and how far theſe two Ports were aſwnder , and upon what Point 

of the Compaſs ?. MI 4 ied ag 

OE As 
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A 


As let the Current ſet from E towards D, and let the firſt Port 
be A, the ſecond F, and let the Courſe outward bound be repre- 
ſeated by A E, and the Courſe homewards by D 4, &c, 

- And foraſmuchas D E is an Eaſt and Welt Line, and eA E 
Weſt South-weſt, therefore the Angle at F is 22 deg. 30 min.and 
by the like reaſon, the Angle at Dis 123 deg. 40 mn. or 56 deg. 
I 5 min, and the Angle at A 33 deg. 45 min. and E Dbeing the 
ferting of the Current for g days, 1s 108 Miles, 

Firſt then, for the dead Reckoning outwards, namely, A E, 


As the Sine of the Angle at A s 33 deg. 45 min. "S426 
To the Line DE 108 Miles 2.03342 
So is the Sine of the Angle Ds 56 deg 15 min. 9.91985 
To the Line A E I 615% ' 2.20853 


'* Thus A E his dead Reckoning outwards is 161 x£. 
os | * Serendly, for AD, 
As the Sine of the Angle DAE s 33 deg. 45 min. £25526 


Isro the Line D E 108 Miles 2.03343 
Sos the Sine of the Angle DE A 522 deg. 30 mn. 9.58284 
To the Line 4 D ' 74 5E Miles I.87152 


Which 74 73 Miles is his dead Reckoning homewards. 
Thirdly, for the «Angle DAForDFA. 


* Theſide A D is found © 5475 Miles 
' "The (ide D F for three dayes, is 36 Miles. 
The fum of both is  - 


Their Difference is 38 


___S 
The ſum of the Angles D AF and DFA 56 arg. 15 mi. 
The half ſum is 28 deg 74 ot 
> | 
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The Proportion. : 
'As the Sam of the ſides Ii0:5t 7.95703 
Is to their difference . 385 1.58433 
So is the Tangent of 28 deg 07. 9.72706 
To the Tangent of 10 deg. 32 9. 9.26932 


Which added together, make the Angle D FA 38 dep. 39 5. 
And ſecing the Rumb from Fto Dis Eaſt,and the Angle DFA 
38d. 39m.;, therefore the Rumb from F to A is tothe North. 
wards of the Eaſt 38 deg. 39 ms +, thatis Eby E almoſt half a 
Point Northerly, which is the Kamb from the ſecand Port to the 
firſt. Laſtly, for A F the diſtance of theſe two Ports. 

As the Sine of the Angle DFA,s 38 deg. 39% * 420434 


Tothe.dead Reckoning Ce : 
Hogiewards.  4D74;3Min  r8-1535 

So is the Sine of the Angle 'D 5s 56 deg. 15 min. 9.91985 

To the Diftance AF 99 ry Miles 1.9957 L 


Thus the true diſtance' of thoſe two Ports is 99 Miles, and 
ſomewhat more, -.: 
Sundry other Queſtions of like nature” might be propoſed ; 
which to him that well underſtandeth, theſe will not be difficult, 
Theſe Principles a little inlarged, may further with a few Ex- 
periments be applyed in the diſcovery of ſome Myſteries in com- 
pound motions not yet divulged ; though much endeavoured by 
ſundry Famous Men in feycral parts of Emrepe; but theſe we ſhall 
not touch at preſent, FI | 
125. To find where there is a Current at Sea, alſo which ' 
; wait ſets, and how faft. Epics 
His may be done by comparing. the Reckoning outwards 
with the-Reckoning homewards, whereof we will give an 
Example or iwo. | TESEE 44 *% 
Firſt, admit a Ship Sail from a gertain Port, by one or ſeveral 
(Rumbs or Diſtances,) till ſhe arrive at the ſecond, and there find 
Reckoning by Courſe and diſtance , that ſhe is more Squtherly 
than the Port from which ſhe departed by 541 Miles, and 
more Weſterly by 145 Mites ; But, by. his Reckoning home- 
OE,” Pt FT x 3c 1} 5 +11; Wards, 
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wards ; when he arrives again at the. firſt place , he finds himſelf 
to the Northwards of the ſecond 541 Miles ,' as before, and to 
the Eaftwards 305 Miles. Now ſappoling he were 3 days out- 
wards bound, and 5 days homewards bound ,. I would know 
which way the Currefit ſets, and how faſt ? Here , becauſe the 
Eaſterly diſtance homewards is greater than the Weſterly diſtance 
outwards , therefore from'the Eaſterly diſtance ;o5 Miles, ſub- 
frac the, Weſterly diſtance 145 Miles, the remainder beigg 
160 Miles, is the motion of the Current ro the Weſtwards. 

And thus it appears, that the Current ſets to the Weſtwards , 
160 Miles in eight days, that is, 20 Milesa day, or of a Mile 
every hour. - 

2. Example. Admit a Ship Sail from the Sammers-TNand,by 
ſeveral Rumbs and diſtances ,. till ſhe arrive at Cape Codd in 
New-England, .namely, from the Eaſt part of Summer-Iſlands 
(the Variation being atlowed) ficſt, North 20 Miles , and then 
NNW 150 Miles, the ſecond day N by W 180 Miles : The 


wk Nerth.| South. | Eaſt. | Weſt. 
trh 20 Miles - ] 20 © 4 

Notth Notth Weſt i 50 Miles|t38 6 — 57. 
Norch By Weſt r$o Mlles [176 '5 en 35.1 
Notth'go Miles © TT 2 | 
North Faſt 88 Miles | 62 2} ——| 62 2 
IRn2 $28 Milelg87 33 * | 62 21 92. 5 

| | | G2, 2 
| IST BET \ 8. 30. 3 


third day North 90 Miles, the fourth diy North Eaſt 88 Miles, 
and (© arrive at Cape Co4d: Then by theſe Courſes and diſtances 
we may gather by the forcgoing Table, that Cape Codd ſhoald 
by this Reckoning be tothe Northwards 487 Miles: And tothe 

Weſtwards 3o Miles: as here appears. - 

Now fuppoſe ſhe Safl back again from Cape Cod towards the 

Srummer- Tf ands, the frftday SSW 150 Miles, the 2 day SS #/ 

160 Miles, the third day S by W 1 30 Miles, the fourth day 

Som 1.40 Miles, the fifth day Eaſt 110 Miles, and ſo be come 
apainto the Eaſt part of the Summers lands, South 
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EL ee: | North | South. | Eaſt. Weſt. 
South $ W 150 Miles | ————|138, 6 $7. 4 
South S$ W 160 Miles — 147. 8|— Gl. 3 
South by W 1 30 Miles — 127. 5] ———| 25. 3 
South x40 Miles - I 40. © . 
| [Eaſt 110 Miles — !IO, © 
690 Miles 554. o[tio. 0144. © 
I10. © 
| 34. © 


Theſe Courſes and Diftances make, as here appeareth, the 
Summer-1ſlands to be to the Southwards of Cape Codd 5 54 
miles, and to the Weſtwards 3o wiles. | 

Therefore by this laſt Reckoning back again,Cape Codd ſhould 
be to the Northwards of the Summer-Jſlands 5 54 Miles, and 
to the Eaſtwards 34 miles, whereas by the former Reckoning 
outwards, it was to the Northwards only 487 miles, and to 
the Weſtwards 3o miles; ſo that the A of theſe wwo 
Reckonings outwards and back again, is 67 miles Northerly , 
and 64 miles Eaſtcrly , which ſheweth that the Current in that 
time, namely in Nine days, hath ſet ro the Northwards 67 miles, 
and to the Eaſtwards 64 miles;that is, North Eaſt a little Norther- 
ly, 93 miles , as by the fore- going-Table doth appear, which is 
10+ miles every day. 

And what we have here done by the Tables might have been 
done ( as the fore-going Problems ) by the Doftrin of 'Plain 
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Mathtmatical and Sea Books Printed for and ſold by\William 
Fiſher, B:okſeller, at the ancient Shop by the Poſtery on Tower- 
Hill; a»d Eliz. Hurlock, ar the Roſe, at the Weſt-end of 
St. Paul's Charch, viz. 


s Þ He Mariners Magazine; containing the Art of Navigation,Surveyings 
Gauging, Gunnery, Afronomy, Dyalling, Fortification : By Capt, 
Sam Sturmey- | 

The Coatlttng Pi'ot ; with new Sand draughts; by F. Sellers, 

The Mariners new,Kalender ; by. Nathawiel Colſon, 

The Sea=imans Kalender; by Hemry Philips, 

The S:a=mans Praftice; by Richard Norwood. 

XWorwood's DoEtine cf - Triangles with Logaritans, exatly correQed,and 
much enlarged by the Author, 

Practical Navigation , being an IntroduRtion to the whole Art ; 
the thnd Edti1on carefu}ly Correted ; by F. Sellers: 

The Sea- mans Dictionary,or the Expoſition and Demanſtration of all rhe 
parts and things belonging to a Ship; by Sir Hexry Manwaring. 

The Sea-mans Glafs, ſheiwing the uſe of the Plain Scale in Navigation , 
Aſtronomy , and Dyallivg. | | 

The Sca-mars Companion, teaching Arithmetick, Geometry, Trigono= 
metry, Navigation and Aſtronomy ; by Matthew Merwwoed,. 

The Compleat Cinnoneer, ſh-wing the Prineiples and Grounds of the 
Art of Gunnery ; as alſo ſeyeral Fire-works for Sea and Land, 

The Safeguard of Sailers, and Pilots Sea Mirror ; deſcribing the Sea» 
Coaſts of England, Scotland, Ireland, Holland, Denmark, Norway, accor- 
ding to the neweſt Waggoner, with new Sea-Charts ; a Book very uletul. 

The Compleat Modelift , ſhewing how to raiſe the Model of any Ship or 
Vecfel either in Proportion or out of Proportion, and to find the length and 
t igneſs of every Rope.in all Veſſels exatly, with the weight of their An- 
chors and Cab/es.Alio the Boat-ſwains Art, by H. Bod. 

The Compleat Ship-wright, teaching the proportions uſed by experienc'd 
Ship=wrights, according to their cuſtom of building; with the drawing of a 
draught, the making and marking of a bend of Moulds, both by Arithmetick 

and Geometry ; by Ed, Buſhnel. * 
 _ The Geometrical Sea-man, ſhewing the three kinds of ſayling by the true 
Sea-chart, Mercators chart, and by a great Circle, with two trayerſe Tables 
added, by H. Philips. 

XNor<vood's Epitome, applied to Plain and AMercators Sayling, with uſefn] 
Tables in Navigation, 

The Mariners Compaſs reQified ; A Book furnifhed with Tables of houry 
and Azimuth, uſeful in Navigation ; Calculated from © deg. to 60 deg of 
Latitude : with the uſe of all Infliruments in Navigatien : By Andr, Wakehy. 

Mathematica} Manual, by Mr, Phillips, of Navigation, Gunnery, Dial- 
ling Surveying, Gauging ; with a Table of Logarithms, to 10000. 

There are allo ſold all other forts of Mathematical and Sea-Books in En- 
gliſh, or Books of any other SubjeR , as Divinity , Hiſtory , Poetry, ec, 
Wagoners and Sea-Charts , for all Parts of the World, all ſorts of Paper 
and Paper-Books, at the cheapeſt rate ; alſo Bibles or any other Books new 
Bound and Claſp'd, and the beſt writing Ink. Pens,Wax,Wafers,Pencils,@c. - 
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